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PREFACE 



TO 



THE SIXTH EDITION. 



This voliune may properly be called a new 
work compared with the earlier editions. 
In fact the book has been almost rewritten. 
The change which has taken place, even in the 
short period which has elapsed since the pub- 
lication of the first edition, in the relation of 
the Steam-engine to the useful arts, has been so 
considerable as to render this inevitable. 

The great extension of railroads, and the in- 
creasing number of projects which have been 
brought forward for new lines connecting 
vai'ious points of the kingdom, as well as the 
extension of steam navigation, not only through 
the seas and channels surrounding and inter- 
secting these islands, and throughout other 
parts of Europe, but through the larger waters 
which are interposed between our dominions in 
the East and the countries of Egypt and Syria, 
have conferred so much interest on the applici^; 
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tion of Steam to transporti that I thought it 
advisable to extend the limits of the fifth edition 
considerably beyond those of the former ones. 
The chapter on railroads was enlarged and 
improved. Three chap^rs were added. The 
twelfth contains a view of steam navigation ; 
the thirteenth contains several important points 
;Connected with the economy of steam power, 
which, when this work was first published, 
would not have offered sufficient interest to 
justify their admission into a popular treatise ; 
and the fourteenth chapter contains a series of 
compendious maxims, for the instruction and 
guidance of persons desirous of making invest- 
ments or speculating in railway property. 

London^ June, 1836. 



PREFACE 

TO 

THE FIRST EDITION. 



'J^HERE are two classes of persons whose atten- 
tion may be attracted by a treatise on such a 
subject as the Steam Engine. One consists of 
those who, by trade or profession, are interested 
in mechanical science, and who therefore seek 
information on the subject of which it treats, as 
a matter of necessity, and a wish to acquire 
it in a manner and to an extent which may be 
practically available in their avocations. The 
other and more numerous class is that part of 
the public in general, who, impelled by choice 
rather than necessity, think the interest of the 
subject itself, and the pleasure derivable from 
the instances of ingenuity which it unfolds, 
motives sufficiently strong to induce them to 
undertake the study of it. Without leaving the 
former class altogether out of view, it is for 
the use of the latter principally that the follow- 
ing lectures are designed. 

To this class of readers the Steam Engine is 

A 3 



VI . PREFACE. 

a subject which, if properly treated of, must 
present strong and peculiar attractions. Whe- 
ther we consider the history of its invention as 
to time and place, the effects which it has pro- 
duced, or the means by which it has caused 
these effects, we find every thing to gratify our 
national pride, stimulate our curiosity, excite 
our wonder, and command our admiration. 
The invention and progressive improvement of 
this extraordinary machine, is the work of our 
own time and our own country; it has been 
produced and brought to perfection almost 
within the last century, and is the exclusive 
offspring of British genius fostered and sup- 
ported by British capital. To enumerate the 
effects of this invention, would be to count every 
comfort and luxury of life. It has increased 
the sum of human happiness, not only by call- 
ing new pleasures into existence, but by so 
cheapening former enjoyments as to render 
them attainable by those who before never could 
have hoped to share them. Nor are its effects 
confined to England alone; they extend over 
the whole civilised world ; and the savage tribes 
of America, Asia, and AJfrica, must ere long 
feel the benefits, remote or immediate^ of this 
all-powerful agent. 

Jf the e£Pect which this machine Iws had on 
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commerce and the wealth of nations raise our 
astonishment, the means by which this effect 
has been produced will not less excite our ad- 
miration. The history of the Steam Engine 
presents a series of contrivances, which, for 
exquisite and refined ingenuity, stand without 
a parallel in the annals of human invention. 
These admirable contrivances, unlike other re- 
sults of scientific investigation, have also this 
peculiarity, that to linderstand and appreciate 
their excellence requires little previous or sub- 
sidiary knowledge. A simple and clear ex- 
planation, divested as far as possible of techni- 
calities, and assisted by well selected diagrams, 
is all that is necessary to render the principles 
of the construction and operation of the Steam 
Engine intelligible to a person of plain under- 
standing and moderate information. 

The purpose for which this volume is de- 
signed, as already explained, has rendered 
necessary the omission of many particulars 
which, however interesting and instructive to 
the practical mechanic or professional engineer, 
would have little attraction for the general 
reader. Our readers require to be informed of 
the general principles of the construction and 
operation of Steam Engines, rather than of 
their practical details. For the same Tew^Tv& 
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we have confined ourselves to the' more striking 
and important circumstances in the history of 
the invention and progressive improvement of 
this machine, excluding many petty disputes 
which arose from time to time respecting the 
rights of invention, the interest of which is buried 
in the graves of their respective claimants. 

In the descriptive parts of the work we have 
been governed by the same considerations. ^JThe 
application of the force of steam to mechanical 
purposes has been proposed on various occa- 
sions, in various countries, and under a great 
variety of forms. The list of British patents 
alone woi Jd furnish an author of common in- 
dustry and application with matter to swell his 
book to many times the bulk of this volume. 
By far the greater number of these projects 
have, however, proved abortive. Descriptions of 
such unsuccessful, though frequently ingenious 
machines, we have thought it advisable to exclude 
from our pages, as not possessing suflScient in- 
terest for the readers to whose use this volume 
is dedicated. We have therefore strictly con- 
fined our descriptions either to those Steam 
Engines which have come into general use, or 
to those which form an important link in the 
chain of invention. 

December 2Qi\&21 . 
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CHAPTER L 

PRELIMINARY MATTER 

MOnOK THK AGENT IN MANUFACTURES. ANIMAL VOVftLK. 

rOWXK DEPENDING ON PHYSICAL PHENOMENA. PUAPOSE O^ 

A MACHINE. PRIME MOVER. MECHANICAL QUALITIES OP 

THE ATMOSPHERE. ITS WEIGHT. THE BAROMETER. 

TLUID PRESSURE. PRESSURE OP RAREFIED AIR. — ELASTI- 

CITT OF AIR. BELLOWS. EFFECTS OF HEAT. -^ THER&IO- 

MXTER. METHOD OF MAKING ONE. —> FREEZING AND BOIL- 
ING POINTS. — DEGREES. — DILATATION OF BODIES. LIQUE- 
FACTION AND SOLIDIFICATION. — VAPORISATION AND CON- 
DENSATION. LATENT HEAT OF STEAM. EXPANSION OF 

WATER IN EVAPORATING. ETFECTS OF REPULSION AND 

COHESION. — EFFECT OF PRESSURE UPON BOILING POINT.— 
FORMATION Of A VACUUM BY CONDENSATION. 

(1.) Of the various productions designed by nature 
to supply the wants of man, there are few which 
are suited to his necessities in the state in which 
the earth spontaneously offers them : if we except 
atmospheric air, we shall scarcely find another in- 
stance : even water, in most cases, requires to bu 
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2 THE STEAM ENGINE. 

transported from its streams or reservoirs ; and food 
itself, in almost every form, requires culture and 
preparation. But if, from the mere necessities of 
physical existence in a primitive state, we rise to 
the demands of civil and social life — to say nothing 
of luxuries and refinements, — we shall find that 
every thing which contributes to our convenience, 
or ministers to our pleasure, requires a previous and 
extensive expenditure of labour. In most cases, 
the objects of our enjoyment derive all their excel- 
lences, not from any qualities originally inherent 
in the natural substances out of which they are 
formed, but from those qualities which have been 
bestowed upon them by the application of human 
labour and human skill. 

In all those changes to which the raw produc- 
tions of the earth are submitted in order to adapt 
them to our wants, one of the principal agents is 
motion. Thus, for example, in the preparation of 
clothing for our bodies, the various processes neces- 
sary for the culture of the cotton require the appli- 
cation of moving power, first to the soil, and subse- 
quently to the plant from which the raw material is 
obtained : the wool must afterwards be picked and 
cleansed, twisted into threads, and woven into cloth. 
In all these processes motion is the agent : to cleanse 
the wool and arrange the fibres of the cotton, the 
wool must be beaten, teased, carded, and submitted 
to other processes, by which all the foreign and 
coarser matter may be separated, and the fibres or 
threads arranged evenly, side by side. The threads 
must then receive a rotatory motion, by which they 
may be twisted into the required form ; and finally, 
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peculiar motions must be given to them in order 
to produce among them that arrangement which 
characterises the cloth which it is our final purpose 
to produce. 

In a rude state of society, the motions required 
in the infant manufactures are communicated by 
the immediate supplication of the hand. Observ- 
ation and reflection, however, soon suggest more 
easy and effectual means of attaining these ends : the 
strength of animals is first resorted to for the relief 
of human labour. Further reflection and inquiry 
suggest still better expedients. When we look 
around us in the natural world, we perceive inani- 
mate matter undergoing various effects in which 
motion plays a conspicuous part : we see the falls 
of cataracts, the currents of rivers, the elevation 
and depression of the waters of the ocean, the cur- 
rents of the atmosphere; and the question instantly 
arises, whether, without sharing our own means of 
subsistence with the animals whose force we use, 
we may not equally, or more effectually, derive the 
powers required from these various phenomena of 
nature? A difficulty, however, immediately pre- 
sents itself: we require motion of a particular kind; 
but wind will not blow, nor water fall as we please, 
nor as suits our peculiar wants, but according to the 
fixed laws of nature. We want an upward motion ; 
water falls doumy^ards : we want a circular motion ; 
wind blows in a straight line. The motions, there- 
fore, which are in actual existence must be modified 
to suit our purposes: the means whereby these 
modifications are produced are called machines, 
A machine, therefore, is an instrument interposed 
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* THE STEAM ENGINE. 

between some natural force or motion, and the 
object to which force or motion is desired to be 
transmitted. The construction of the machine is 
such as to modify the natural motion which Ls 
impressed upon it, so that it may transmit to 
the object to be moved that peculiar species of 
motion which it is required to have. To give a 
very obvious example, let us suppose that a circular 
or rotatory motion is required to be produced, and 
that the only natural source of motion at our com- 
mand is a perpendicular fall of water : a wheel is 
provided, placed upon the axle destined to receive 
xhe rotatory motion ; this wheel is furnished with 
cavities in its rim; the water is conducted into the 
cavities near the top of the wheel on one side ; and 
being caught by these, its weight bears down that 
side of the wheel, the cavities on the opposite side 
being empty and in an inverted position. As the 
wheel turns, the cavities on the descending side dis- 
charge their contents as they arrive near the lowest 
point, and ascend empty on the other side. Thus 
a load of water is continually pressing down one 
side of the wheel, from which the other side is 
free, and a continued motion of rotation is pro- 
duced. 

In every machine, therefore, there are three ob- 
jects demanding attention: — first. The power which 
imparts motion to it, this is called the prime mover; 
secondly, The nature of the machine itself; and 
thirdly, The object to which the motion is to be con- 
veyed. In the steam engine the first mover arises 
from certain phenomena which are exhibited when 
heat is applied to liquids ; but in the details of the 
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machine and in its application there are several 
physical effects brought into play, which it is ne- 
cessary perfectly to understand before the nature 
of the machine or its mode of operation can be 
rendered intelligible. We propose therefore to 
devote the present chapter to the explanation and 
illustration of these phenomena. 

(2.) The physical effects most intimately con- 
nected with the operations of steam engines are 
some of the mechanical properties of atmospheric 
air. The atmosphere is the thin transparent fluid 
in which we live and move, and which, by respir- 
ation, supports animal life. This fluid is apparently 
so light and attenuated, that it might be at flrst 
doubted whether it be really a body at all. It may 
therefore excite some surprise when we Jissert, not 
only that it is a body, but also that it is one of con- 
siderable weight. We shall be able to prove that it 
presses on every square inch *^ of surface with a 
M eight of about 151b. avoirdupois. 

(3.) Take a glass tube A b (fig. 2.) more than 32 
inches long, open at one end a, and closed at the 
other end b, and let it be filled with mercury (quick- 
silver). Let a glass vessel or cistern c, containing 
a quantity of mercury, be also provided. Applying 
the finger at A so as to prevent the mercury in the 
tube from falling out, let the tube be inverted, and 
the end, stopped by the finger, plunged into the 
mercury in c. When the end of the tube is below 

* As we shall have frequent occasion to mention this mag- 
nitude, it would be well that the reader sliould be familiar with 
it. It is a squarCf each side of which is an inch. Such as 

A B C D, Fig. 1. 
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6 THE STEAM ENGINE. 

the surface of the mercury in c (fig. 3.) let the 
finger be removed. It will be found that the 
mercury in the tube will not, as might be expectedi 
fall to the level of the mercury in the cistern c, 
which it would do were the end b open so as to 
admit the air into the upper part of the tube. On 
the other hand, the level d of the mercury in the 
tube will be about 30 inches above the level c of 
the mercury in the cistern. 

(4.) The cause of this effect is, that the weight of 
the atmosphere rests on the surface c of the mercury 
in the cistern, and tends thereby to press it up, or 
rather to resist its fall in the tube ; and as the fall is 
not assisted by the weight of the atmosphere on the 
surface d (since b is closed), it follows, that as much 
mercury remains suspended in the tube above the 
level c as the weight of the atmosphere is able to 
support. 

If we suppose the section of the tube to be equal 
to the magnitude of a square inch, the weight of 
the column of mercury in the tube above the level c 
will be exactly equal to the weight of the atmosphere 
on each square inch of the surface c. The height 
of the level d above c being about 30 inches, and a 
column of mercury two inches in height, and having 
a base of a square inch, weighing about one pound 
avoirdupois, it follows that the weight with which 
the atmosphere presses on each square inch of a level 
surface is about 151b. avoirdupois. 

An apparatus thus constructed, and furnished 
with a scale to indicate the height of the level d 
above the level c, is the common barometer. The 
difference of these levels is subject to a small vari« 
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atioD, which indicates a corresponding change in the 
atmospheric pressure. But we take 30 inches as a 
standard or average. 

(5.) It is an established property of fluids that 
they press equally in all directions ; and air, like 
every other fluid, participates in this quality. Hence 
it follows, that since the downward pressure or 
weight of the atmosphere is about 151b. on the 
square inch, the lateral, upward, and oblique pres- 
sures are of the same amount But, independently 
of the general principle, it may be satisfactory to 
give experimental proof of this. 

Let four glass tubes a, b, o, d, (fig. 4.) be con- 
structed of sufficient length, closed at one end a, b, 
o, D, and open at the other. Let the open ends of 
three of them be bent, as represented in the tubes 
B, c, D. Being previously filled with mercury, let 
them all be gently inverted so as to have their 
closed ends up as here represented. It will be 
found that the mercury will be sustained in all *, 
and that the difference of the levels in all will be 
the same. Thus the mercury is sustained in A by 
the upward pressure of the atmosphere, in b by its 
horizontal or lateral pressure, in o by its downward 
pressure, and in d by its oblique pressure ; and as 
the difference of the levels is the same in all, these 
pressures are exactly equal. 

(6.) In the experiment described in (S.) the space 
B D (fig. 3.) at the top of the tube from which the 
mercury has fallen is perfectly void and empty, con- 

* This experiment with the tube a requires to be very care- 
fully executed, and the tube should be one of small bore. 
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taiiiing neither air nor any other fluid : it is called 
therefore a vacuum. If, however, a small quantity 
of air be introduced into that space, it will imme- 
diately begin to exert a pressure on d, which will 
cause the surface d to descend, and it will continue 
to descend until the column of mercury c d is so 
far diminished that the weight of the atmosphere is 
sufficient to sustain it, as well as the pressure exerted 
upon it by the air in the space b d. 

The quantity of mercury which falls from the 
tube in this case is necessarily an equivalent for the 
pressure of the air introduced, so that the pressure 
of this air may be exactly ascertained by allowing 
about one pound per square inch for every two 
inches of mercury which has fallen from the tube. 
The pressure of the air or any other fluid above the 
mercury in the tube, may at once be ascertained by 
comparing the height of the mercury in the tube 
with the height of the barometer ; the difference of 
the heights will always determine the pressure on the 
surface of the mercury in the tube. This principle 
will be found of some importance in considering the 
action of the modern steam-engines. 

The air which we have supposed to be introduced 
into the upper part of the tube, presses on the sur- 
face of the mercury with a force much greater 
than its weight. For example, if the space b d 
(fig. S.) were filled with atmospheric air in its ordi- 
nary state, it would exert a pressure on the surface 
D equal to the whole pressure of the atmosphere, 
although its weight might not amount to a single 
grain. The property in virtue of which the air 
exerts this pressure is its elasticity^ and this force is 
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diminished in precisely the proportion in which the 
space which the air occupies is increased. 

Thus it is known that atmospheric air in its 
ordinary state exerts a pressure on the surface of 
any vessel in which it is confined, amounting to 
about 151b. on every square inch. If the capacity 
of the vessel which contains it be doubled, it imme- 
diately expands and fills the double space, but in 
doing so it loses half its elastic force, and presses 
only with a force of 7^1b. on every square inch. 
If the capacity of the vessel had been enlarged five 
times, the air would still have expanded so as to fill 
it, but would exert only a fifth part of its first pres- 
sure, or 31b. on every square inch. 

This property of losing its elastic force as its 
volume or bulk is increased, is not peculiar to air. 
It is common to all elastic fluids, and we accord- 
dingly find it in steam ; and it is absolutely neces- 
sary to take account of it in estimating the effects 
of that agent. 

(7.) There are numerous instances of the effects 
of these properties of atmospheric air which con- 
tinually fall under our observation. If the nozzle 
and valve-hole of a pair of bellows be stopped, it 
will require a very considerable force to separate 
the boards. This effect is produced by the dimi- 
nished elastic force of the air remaining between 
the boards upon the least increase of the space 
within the bellows, while the atmosphere presses, 
with undiminished force, on the external surfaces of 
the boards. If the boards be separated so as to 
double the space within, the elastic force of the in- 
cluded air will be about 7^1b. on every square 

F 5 
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inch, while the pressure on the external surfaces 
will be 151b. on every square inch ; consequently, 
it will require as great a force to sustain the boards 
in such a positicHi, as it would to separate them if 
each board were forced against the other with a 
pressure of 7^1b. per square inch on their external 
surfaces. 

When boys apply a piece of moistened leather to 
a stone, so as to exclude the air from between them, 
the stone, though it be of considerable weight, may 
be lifted by a string attached to the leather : the 
eause of which is the atmospheric pressure, which 
keeps the leather and the stone in close contact. 

(8.) The next class of physical effects which it 
is necessary to explain, are those which are pro- 
duced when heat is imparted to or abstracted from 
bodies. 

In general, when heat is imparted to a body, an 
enlargement of bulk will be the immediate conse- 
quence, and at the same time the body will become 
warmer to the touch. These two effects of expan- 
sion and increase of warmth going on always to- 
gether, the one has been taken as a measure of the 
other ; and upon this principle the common ther- 
mometer is constructed. That instrument consists 
of a tube of glass, terminated in a bulb, the mag- 
nitude of which is considerable, compared with the 
bore of the tube. The bulb and part of the tube 
are filled with mercury, or some other liquid. When 
the bulb is exposed to any source of heat, the mer- 
cury contained in it, being warmed or increased 
in temperature, is at the same time increased in 
bulk, or expanded or dilated, as it is called. The 
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bulb not having sufficient capacity to contain the 
increased bulk of mercury, the liquid is forced up in 
the tube, and the quantity of expansion is determined 
by observing the ascent of the column in the tube. 

An instrument of this kind, exposed to heat or 
cold, will fluctuate accordingly, the mercury rising 
as the heat to which it is exposed is increased, and 
falling by exposure to cold. In order, however, 
to render it an accurate measure of temperature, 
it is necessary to connect with it a scale by which 
the elevation or depression of the mercury in the 
tube may be measured. Such a scale is construc- 
ted for thermometers in this country in the follow- 
ing manner: — Let us suppose the instrument im- 
mersed in a vessel of melting ice : the column of 
mercury in the tube will be observed to fall to a 
certain point, and there maintain its position un- 
altered : let that point be n^arked upon the tube. 
Let the instrument be now transferred to a vessel 
of boiling water at a time when the barometer 
stands at the altitude of 30 inches : the mercury in 
the tube will be observed to rise until it attain a 
certain elevation, and will there maintain its posi- 
tion. It will be found, that though the water con- 
tinue to be exposed to the action of the fire, and 
continue to boil, the mercury in the tube will not 
continue to rise, but will maintain a fixed position : 
let the point to which the mercury has risen, in this 
case, be likewise marked upon the tube. 

The two points, thus determined, are called the 
Freezing and the Boiling points. If the distance 
upon the tube between these two points be divided 
into 180 equal parts, each of these parts is called 

B 6 
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a Degree; and if this division be continued, by- 
taking equal divisions below the freezing point, un- 
til 32 divisions be taken, the last division is called 
the Zeroy or nought of the thermometer. It is the 
point to which the mercury would fall, if the ther- 
mometer were immersed in a certain mixture of 
snow and salt. When theimometers were first in- 
vented, this point was taken as the zero point, 
from an erroneous supposition that the temperature 
of such a mixture was the lowest possible temper- 
ature. 

The degrees upon the instrument thus divided 
are counted upwards from the zero, and are ex- 
pressed, like the degrees of a circle, by placing a 
small ° over the number. Thus it will be perceived 
that the freezing point is S2° of our thermometer, 
and the boiling point will be found by adding 180° 
to 32^ ; it is therefore 212°. 

The temperature of a body, then, is that elevation 
to which the thermometer would rise when com- 
pletely immersed in the component matter of the 
body. Thus, if we should immerse the thermometer, 
and should find that the mercury would rise to the 
division marked 100°, we should then affirm that 
the temperature of the water was 100°. 

(9.) The dilatation which attends an increase of 
temperature is one of the most universal effects of 
heat. It varies, however, in different bodies : it is 
least in solid bodies ; greater in liquids ; and great- 
est of all in bodies in the aeriform state. Again, 
different solids are differently susceptible of this ex- 
pansion. Metals are the most susceptible of it ; but 
metals of different kinds are differently expansible. 
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As an increase of temperature causes an increase 
of bulk, so a diminution of temperature causes a 
corresponding diminution of bulk, and the same 
body always has the same bulk at the same tem- 
perature. 

A flaccid bladder, containing a small quantity of 
air, will, when heated, #become quite distended ; 
but it will again resume its flaccid appearance when 
cold. A corked bottle of fermented liquor, placed 
before the fire, will burst by the effort of the air 
contained in it to expand when heated. 

Let the tube a b (fig. 5.), open at both ends, 
have pne end inserted in the neck of a vessel c d, 
containing a coloured liquid, with common air 
above it ; and let the tube be fixed so as to be air- 
tight in the neck : upon heating the vessel, the 
warm air enclosed in the vessel c d above the li- 
quid will begin to expand, and will press upon the 
surface of the liquid, so as to force it up in the 
tube A B. 

In bridges and other structures, formed of iron, 
mechanical provisions are introduced to prevent the 
fracture or strain which would take place by the 
expansion and contraction which the metal must 
undergo by the changes of temperature at different 
seasons of the year, and even at different hours of 
the day. 

Thus all nature, animate and inanimate, organ- 
ised and unorganised, may be considered to be in- 
cessantly breathing heat ; at one moment drawing 
in that principle through its dimensions, and at 
another dismissing it. 

(10.) Change of bulk, however, is not the only 
nor the most striking effect which attends the in- 
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crease or diminution of the quantity of heat in a 
body. In some eases, a total change of form and 
of mechanical qualities is effected by it. If heat be 
imparted in sufficient quantity to a solid body, that 
Dody, after a certain time, will be converted into a 
liquid. And again, if heat be imparted in suffi- 
cient quantity to this liquid, it will cease to exist in 
the liquid state, and pass into the form of vapour. 

By the abstraction of heat, a series of changes 
will be produced in the opposite order. If from the 
vapour produced in this case, a sufficient quantity 
of heat be taken, it will return to the liquid state ; 
and if again from this liquid heat be further ab- 
stracted, it will atlength resume its original solid state. 

The transmission of a body from the solid to the 
liquid state, by the application of heat, is called 
F'tisioTiy or Liquefofitioriy and the body is said to be 
fused, liquefied^ or melted. 

The reciprocal transmission from the liquid to 
the solid state, is called Congelation^ or Solidifi- 
cation ; and the liquid is said to be congealed or 
solidified* 

The transmission of a body from the liquid to 
the vaporous or aeriform state, is called Vapor- 
isation, and the liquid is said to be vaporised, or 
evaporated. 

The reciprocal transmission of vapour to the li- 
quid state is called Condensation^ suid the vapour is 
said to be condensed. 

We shall now examine more minutely the cir- 
cumstances which attend these remarkable and im- 
portant changes in the state of body. 

(11.) Let us suppose that a thermometer is im- 
bedded in any solid body ; for example, in a mass or 
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sulphur; and that it stands at the ordinary tempera- 
ture of 60 degrees : let the sulphur be placed in a 
vessel, and exposed to the action of fire. The ther- 
mometer will now be observed gradually to rise, 
and it will continue to rise until it exhibit the 
temperature of 218°. Here, however, notwith- 
standing the continued action of the fire upon the 
sulphur, the thermometer will become stationary; 
proving, that notwithstanding the supply of heat re- 
ceived from the fire, the sulphur has ceased to be- 
come hotter. At the moment that the thermometer 
attains this stationary point, it will be observed 
that the sulphur has commenced the process of 
fusion; and this process will be continued, the ther- 
mometer being stationary, until the whole mass has 
been liquefied. The moment the liquefaction is 
complete, the thermometer will be observed again 
to rise, and it will continue to rise until it at- 
tain the elevation of 570°. Here, however, it will 
once more become stationary ; and notwithstanding 
the heat supplied to the sulphur by the fire, the 
liquid will cease to become hotter : when this hap- 
pens, the sulphur will boil : and if it continue to be 
exposed to the fire a sufficient length of time, it will 
be found that its quantity will gradually diminish, 
until at length it will all disappear from the vessel 
which contained it The sulphur will, in fact, be 
converted into vapour. 

From this process we infer, that all the heat sup- 
plied during the processes of liquefaction and vapor- 
isation is consumed in efiecting these changes in 
the state of the body ; and that under such circum- 
stances, it does not increase the temperature of the 
body on which the change is produced. 
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These effects are general : all solid bodies would 
pass into the liquid state by a sufficient application 
of heat ; and all liquid bodies would pass into the 
vaporous state by the same means. In all cases 
the thermometer would be stationary during these 
changes, and consequently the temperature of the 
body, in those periods, would be maintained un- 
altered. 

(12.) Solids differ from one another in the tem- 
peratures at which they become liquid. These tem- 
peratures are called their Melting Points, Thus 
the melting point of ice is 32° ; that of lead 612° ; 
that of gold 5237°.* The heat which is sup- 
plied to a body during the processes of fusion or 
vaporisation, and which does not affect the ther- 
mometer, or increase the temperature of the body 
fused or vaporised, is said to become latent It can 
be proved to exist in the body fused or vaporised, 
and may even be taken from that body. In parting 
with it the body does not fall in temperature, and 
consequently the loss of this heat is not indicated 
by the thermometer any more than its reception. 
The term latent heat is merely intended to express 
this fact, of the thermometer being insensible to the 
presence or absence of this portion of heat, and is 
not intended to express any theoretical notions con- 
cerning it. 

(13.) In explaining the construction and oper- 
ation of the steam engine, although it is necessary 

* Temperatures above 650" cannot be measured by the 
mercurial thermometer. They can be inferred only with pro- 
bability by pyrometers ^ 
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occasionally to refer to the effects of heat upon 
bodies in general, yet the body, which is by far the 
most important to be attended to, so far as the 
effects of heat upon it are concerned, is water. 
This body is observed to exist in the three dif- 
ferent states, the solid, the liquid, and the vapor- 
ous, according to the varying temperature to which 
it is exposed. All the circumstances which have 
been explained in reference to metals, and the sub- 
stance sulphur in particular, will, mutaiis mtUandis, 
be applicable to water. But in order perfectly to 
comprehend the properties of the Steam Engine, it 
is necessary to render a more rigorous and exact 
account of these phenomena, so far as they apply 
to the changes produced upon water by the effects 
of heat. 

Let us suppose a mass of ice immersed in {he 
mixture of snow and salt which determines the 
zero point of the thermometer : this mass, if al- 
lowed to continue a sufficient length of time sub- 
merged in the mixture, will necessarily acquire its 
temperature, and the thermometer immersed in it 
will stand at zero. Let the ice be now withdrawn 
from the mixture, still keeping the thermometer 
immersed in it, and let it be exposed to the atmo- 
sphere at the ordinary temperature, say 60°. At 
first the thermometer will be observed gradually 
tnd continuously to rise until it attain the eleva- 
non of 32° ; it will then become stationary, and the 
ice will begin to melt : the thermometer will con- 
tinue standing at 32° until the ice shall be com- 
pletely liquefied. The liquid ice and the thermo- 
meter being contained in the same vessel, it will be 
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found, when the liquefaction is completed, that the 
thermometer will again begin to rise, and will con- 
tinue to rise until it attain the temperature of the 
atmosphere, viz. 60°. Hitherto the ice or water 
has received a supply of heat from the surrounding 
air ; but now an equilibrium of temperature having 
been established, no further supply of heat can be 
received ; and if we would investigate the further 
effects of increased heat, it will be necessary to 
expose the liquid to fire, or some other source of 
heat. But previous to this, let us observe the 
time which the thermometer remains stationary 
during the liquefaction of the ice: if noted by a 
chronometer, it would be found to be a hundred 
and forty times the time during which the water in 
the liquid state was elevated one degree ; the infer- 
ence from which is, that in order to convert the 
solid ice into liquid water, it was necessary to re- 
ceive from the surrounding atmosphere one hun- 
dred and forty times as much heat as would elevate 
the liquid water one degree in temperature ; or, in 
other words, that to liquefy a given weight of ice 
requires as much heat as would raise the same 
weight of water 140° in temperature ; or from 32° 
to 172°. 

The latent heat of water acquired in lique%ction 
is therefore 140°. 

(14.) Let us now suppose that, a spirit lamp being 
applied to the water already raised to 60°, the ef- 
fects of a further supply of heat be observed : the 
thermometer will continue to rise until it attain 
the elevation of 212°, the barometer being supposed 
to stand at 30 inchep. The thermometer having 



PRELIMINARY MATTER. 19 

ftttained this elevation will cease to rise ; the water 
will therefore cease to become hotter, and at the 
same time bubbles of steam will be observed to be 
formed at the bottom of the vessel containing the 
water, near the flame of the spirit lamp. These 
bubbles will rise through the water, and escape at 
the surface, exhibiting the phenomena of ebullition, 
and the water will undergo the process of boiling. 

During this process, the thermometer will con- 
stantly be maintained at the same elevation of 212^; 
but if the time be noted, it will be found that the 
water will be altogether evaporated, if the same 
source of heat be continued to be applied to it five 
and a half times as long as was necessary to raise it 
from the freezing to the boiling point. Thus, if 
the application of the lamp to water at 32^, be ca- 
pable of raising that water to 212° in one hour, the 
same lamp will require to be applied to the boiling 
water for five hours and a half, in order to convert 
the whole of it into steam. Now if the steam into 
which it is thus converted were carefully preserved 
in a receiver, maintained at the temperature of 212°, 
this steam would be found to have that temperature, 
and not a greater one ; but it would be found to 
fill a space about 1700 times greater than the space 
it occupied in the liquid state, and it would pos- 
sess an elastic force equal to the pressure of the at- 
mosphere under which it was boiled ; that is to say, 
it would press the sides of the vessel which con- 
tained it with a pressure equivalent to that of 
a column of mercury of 30 inches in height ; or 
what is the same thing, at the rate of about 15lb. 
on every square inch of surface. 
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(15.) As the quantity of heat expended in rais- 
ing the water from 32° to 212°, is 180° ; and as 
the quantity of heat necessary to convert the 
same water into steam is five and a half times this 
quantity, it follows that the quantity of heat requi- 
site for converting a given weight of water into 
steam, will be found by multiplying 180° by 5^. 
The product of these numbers being 990°, it fol- 
lows, that, to convert a given weight of water at 
212° into steam of the same temperature, under the 
pressure of the atmosphere, when the barometer 
stands at 30 inches, requires as much heat as would 
be necessary to raise the same water 990° higher 
in temperature. This heat, not being sensible to 
the thermometer, is latent heat; and accordingly 
it may be stated, that the latent heat, necessary to 
convert water into steam under this pressure is, in 
round numbers, 1000°. 

(16.) All the effects of heat which we have just 
described may be satisfactorily accounted for, by 
supposing that the principle of heat imparts to the 
constituent atoms of bodies a force, by virtue of 
which they acquire a tendency to repel each other. 
But in conjunction with this, it is necessary to no- 
tice another force, which is known to exist in na- 
ture : there is observable among the corpuscles of 
bodies a force, in virtue of which they have a ten- 
dency to cohere, and collect themselves together in 
-solid concrete masses : this force is called the at- 
traction of cohesion. These two forces — the natu- 
ral cohesion of the particles, and the repulsive 
energy introduced by heat— are directly opposed to 
one another, and the state of the body will be de- 
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cided by the predominance of the one or the other, 
or their mutual equilibrium. If the natural cohe- 
sion of the constituent particles of the body con- 
siderably predominate over the repulsive energy 
introduced by the heat, then the cohesion will take 
effect ; the particles of the body will coalesce, the 
mass wiH become rigid and solid, and the particles 
will hold together in one invariable mass, so that 
they cannot drop asunder by the mere effect of their 
weight. In such cases, a more or less considerable 
force must be applied, in order to break the body, 
or to tear its parts asunder. Such is the quality 
which characterises the state, which in mechanics 
is called the state of solidity. 

If the repulsive energy introduced by the appli- 
cation of heat be equal, or nearly equal, to the na- 
tural cohesion with which the particles of the body 
are endued, then the predominance of the cohesive 
force may be insufficient to resist the tendency 
which the particles may have to^drop asunder by 
their weight. In such a case, the constituent par- 
ticles of the body cannot cohere in a solid mass, 
but will separate by their weight, fall asunder, and 
drop into the various corners, and adapt themselves 
to the shape of any vessel in. which the body may 
be contained. In fact, the body will take the liquid 
form. In this state, however, it does not follow 
that the cohesive principle will be altogether inoper- 
ative: it may, and does, in some cases, exist in a 
perceptible degree, though insufficient to resist the 
separate gravitation of the particles. The tendency 
which particles of liquids have, in some cases, to 
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collect in globules, plainly indicates the predomin«- 
ance of the cohesive principle : drops of water col- 
lected upon the window pane; drops of rain con- 
densed in the atmosphere; the tear which trickles 
on the cheek ; drops of mercury, which glide over 
any flat surface, and which it is difficult to subdi- 
vide or scatter into smaller parts; are all obvious 
indications of the oredominance of the cohesive 
principle in liquids. 

By the due application of heat, even this small 
degree of cohesion may be conquered, and a pre- 
ponderance of the opposite principle of repulsion 
may be created. But another physical influence 
here interposes its aid, and conspires with cohesion 
in resisting the transmission of the body from the 
liquid to the vaporous state : this force is no other 
than the pressure of the atmosphere, already ex- 
plained. This pressure has an obvious tendency to 
restrain the particles of the liquid, to press them 
together, and to resist their separation. The 
repulsive principle of the heat introduced must 
therefore not only neutralise the cohesion, but must 
also impart to the atoms of the liquid a sufficient 
elasticity or repulsive energy to enable them to fly 
asunder, and assume the vaporous form, in spite of 
this atmospheric resistance. 

Now it is clear, that if this atmospheric resistance 
be subject to any variation in its intensity, from 
causes whether natural or artificial, the repulsive 
energy necessary to be introduced by the heat, will 
vary proportionally: if the atmospheric pressure 
be diminished, then less heat will be necessary to 
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yaporise the liquid. If, on the other hand, this pres- 
sure be increased, a greater quantity of heat will be 
required to impart the necessary elasticity. 

(17-) From this reasoning we must expect that 
any cause, whether natural or artificial, which di- 
minishes the atmospheric pressure upon the surface 
of a liquid, will cause that liquid to boil at a lower 
temperature: and on the other hand, any cause 
which may increase the atmospheric pressure upon 
the liquid, will render it necessary to raise it to a 
higher temperature before it can boil. 

These inferences we accordingly find supported 
by experience. Under a pressure of 151b. on the 
square inch, u e. when the barometer is at 30 
inches, water boils at the temperature of 212° of 
the common thermometer. But if water at a lower 
temperature, suppose 180°, be placed under the 
receiver of an airpump, and, by the process of ex- 
haustion the atmospheric pressure be removed, or 
very much diminished, the water will boil, although 
its temperature still remain at 180°, as may be in- 
dicated by a thermometer placed in it. 

On the other hand, if a thermometer be inserted 
air-tight in the lid of a close digester containing 
water with common atmospheric air above it, when 
the vessel is heated the air acquires an increased 
elasticity ; and being confined by the cover, presses, 
with increased force, on the surface of the water. 
By observing the thermometer while the vessel is 
exposed to the action of heat, it will be seen to rise 
considerably above 212°, suppose to 230*^, and would 
continue so to rise until the strength of the vessel 
could no longer resist the pressure within it. 
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The temperature at which water boils is com- 
monly said to be 212^, which is called the boiling 
point of the thermometer ; but, strictly speaking 
this is only true when the barometer stands at 30 
Inches. If it be lower, water will boil at a lower 
temperature, because the atmospheric pressure is 
less ; and if it be higher, as at 31, water will not boil 
until it receives a higher temperature, the pressure 
being greater. 

According as the cohesive forces of the particles 
of liquids are more or less active, they boil at greater 
or less temperatures. In general the lighter liquids, 
such as alcohol and ether, boil at lower temperatures. 
These fluids, in fact, would boil by merely removing 
the atmospheric pressure, as may be proved by plac- 
ing them under the receiver of an airpump, and 
withdrawing the air. From this we may conclude 
tliat these and similar substances would never exist 
in the liquid state at all, but for the atmospheric 
pressure. 

(18.) The elasticity of vapour raised from a boil- 
ing liquid, is equal to the pressure under which it is 
produced. Thus, steam raised from water at 212°, 
and, therefore, under a pressure of 151b. on the 
square inch, is endued with an elastic force which 
would exert a pressure on the sides of any vessel • 
which confines it, also equal to 151b. on the square 
inch. Since an increased pressure infers an in- 
creased temperature in boiling, it follows, that 
where steam of a higher pressure than the atmo- 
sphere is required, it is necessary that the water 
should be boiled at a higher temperature. 

(19.) We have already stated that there is a cer- 
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tain point at which the temperature of a liquid will 
cease to rise, and that all the heat communicated to 
it beyond this is consumed in the formation of va- 
pour. It has been ascertained, that when water 
boils at 212°j under a pressure equal to 30 inches 
of mercury, a cubic inch of water forms a cubic 
foot* of steam, the elastic force of which is equal 
to the atmospheric pressure, and the temperature of 
which is 212°. Since there are 1728 cubic inches 
in a cubic foot, it follows, that when water at this 
temperature passes from the liquid to the vaporous 
state, it is dilated into 1728 times its bulk. 

(20.) We have seen that about 1000 degrees of 
heat must be communicated to any given quantity 
of water at 212°, in order to convert it into steam 
of the same temperature, and possessing a pressure 
amounting to about 15 pounds on the square inch, 
and that such steam will occupy above 1700 times 
the bulk of the water from which it was raised. 
Now we might anticipate, that by abstracting the 
heat thus employed in converting the liquid into 
vapour, a series of changes would be produced ex- 
actly the reverse of those already described ; and 
such is found to be actually the case- Let us sup- 
pose a vessel, the capacity of which is 1728 cubic 
inches, to be filled with steam of the temperature 

• The terms cubic inch and cubic foot are easily explained. 
A common die, used in games of chance, has the figure which 
b called a cube. It is a solid having twelve straight edges 
equal to one another. It has six sides, each of which is square, 
and which are also equal to one another. If its edges be each 
ODe inch in length, it is called a cubic incht if one foot, a 
cybic/oot, if one yard, a cubic yard, &c. This figure is re- 
presented in perspective, in fig. 6. 

C 
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of 212^, and exerting a pressure of 15 pounds on the 
square inch ; let 5^ cubic inches of water, at the tem- 
perature of 32°> be injected into this vessel, immedi- 
ately the steam will impart the heat, which it has 
absorbed in the process of yaporisation to the water 
thus injected, and will itself resume the liquid form. 
It will shrink into its primitire dimensions of one 
cubic inch, and the heat which it will dismiss will 
be sufficient to raise the 5^ cubic inches of injected 
water to the temperature of 212^. The contents 
of the vessel will thus be 6^ cubic inches of water 
at the temperature of 212°. One of these cubic 
inches is in fact the steam which previously filled 
the vessel reconverted into water, the other 5^ are 
the injected water which has been raised from the 
temperature of 32° to 212° by the heat which has 
been dismissed by the steam in resuming the liquid 
state* It will be observed that in this transmission 
no temperature is lost, since the cubic inch of water 
into which the steam is converted has the same tem- 
perature as the steam had before the cold water 
was injected. 

These consequences are in perfect accordance 
with the results already obtained from observing 
the time necessary to convert a given quantity of 
water into steam by the application of heat From 
the present result it follows, that in the reduction of 
a given quantity of steam to water it parts with as 
much heat as is sufficient to raise 5i cubic inches 
from 32° to 212°, that is, 5i times 180° or 990°. 

(21.) There is an effect produced in this process 
to which it is material that we should attend. The 
steam which filled the space of 1728 cubic inches 
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sluinks when reconverted into water into the dimen- 
sions of 1 cubic inch. It therefore leaves 1727 cu- 
bic inches of the vessel it contains unoccupied. By 
this property steam is rendered instrumental in the 
formation of a vacuum* 

By allowing steam to circulate through a vessel, 
the air may be expelled from it, and its place filled 
by steam. If the vessel be then closed and cooled 
the steam will be reduced to water, and, falling in 
drops on the bottom and sides of the vessel, the 
space which it filled will become a vacuum. This 
may be easily established by experiment. Let a 
long glass tube be provided with a hollow ball at 
one end, and having the other end open.* Let a 
small quantity of spirits be poured in at the open 
end, and placing the glass ball over the flame of a 
lamp, let the spirits be boiled. After some time the 
steam will be observed to issue copiously from the 
open end of the tube which is presented upwards. 
When this takes place, let the tube be inverted, and 
its open end plunged in a basin of cold water. The 
heat being thus removed, the cool air will reconvert 
the steam in the tube into liquid, and a vacuum will 
be produced, into which the pressure of the atmo- 
sphere on the surface of the water in the basin will 
force the water through the tube, and it will rush 
up with considerable force, and fill the glass ball. 

In this experiment it is better to use spirits than 
water, because they boil at a lower heat, and expose 
the glass to less liability to break, and also the tube 
may more easily be handled. 

* A common glass fiask with a long neck will answer tlie 
purpose. 
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CHAP. II. 

FIRST STEPS IN THE INVENTION. 

»0nLlTY OF XAALT CLAIMS. — WATT, TH« REAL INVENTOR. 

HERO or ALEXANDRIA. BLASCO CARAT. SOLOMON DE 

CAUS. GIOVANNI BRANCA. MARQUIS OF WORCESTER. 

SIR SAMUEL MORLAKD. — DENIS PAPIN. THOMAS SAVERT. 

(22.) In the history of the progress of the useful 
arts and manufactures, there is perhaps no example 
of any invention the credit for which has been so 
keenly contested as that of the steam engine. Claims 
to it have been advanced by different nations, and 
by different individuals of the same nation. The 
partisans of the competitors for this honour have 
argued their pretensions, and pressed their claims, 
with a zeal which has occasionally outstripped the 
bounds of discretion ; and the contest has not un- 
frequently been tinged with prejudices, both na- 
tional and personal, and marked with a degree of 
asperity quite unworthy of so noble a cause, and 
altogether beneath the dignity of science. 

The efficacy of the steam engine considered as a 
mechanical agent depends, first, on the several phy- 
sical properties from which it derives its operation, 
and, secondly, on the various pieces of mechanism 
and details of mechanical arrangement by which 
these properties are rendered practically available. 
If the merit of the invention must be ascribed to 
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the discoverer and contriver of these, then the con- 
test will be easily decided, because it will be 
obvious that the prize is not due to any one indivi- 
dual, but must be distributed in different propor- 
tions among several. If, however, he is best entitled 
to the credit of the invention^ who has by the powers 
of his mechanical genius imparted to the machine 
that form and those qualities from which it has 
received its present extensive utility, and by which 
it has become an agent of transcendent power, 
which has spread its beneficial effects through- 
out every part of the civilised globe, then the 
universal consent of mankind will, as it were by 
acclamation, award the prize to one individual, - 
^ ^se pre-eminent genius places him far above all- 
other competitors, and from the application . of 
whose mental energies to this machine may be dated 
those grand effects which have rendered it a topic 
of interest to every individual for whom the pro- 
gress of human civilisation has any attractions. 
Before the era marked by the discoveries of James 
Watt, the steam engine, which has since become 
an object of such universal interest, was a machine 
of extremely limited power, greatly inferior in im- 
portance to most other mechanical contrivances 
used as prime movers. But from that time it is 
scarcely necessary here to state that it became a 
subject not of British interest only, but one with 
which the progress of the human race became 
intimately mixed up. 

Since, however, the question of the progressive 
developement of those physical principles on which 
the steam engine depends, and of their mechanical 

c 3 
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application, has of late years received some import- 
ance> as well from the interest which the public 
manifest towards them as from the rank of the 
writers who have investigated them, we have thought 
it expedient to state briefly, but we trust with can- 
dour and fairness, the successive steps which appear 
to have led to this invention. 

The engine as it exists at present is not, strictly 
speaking, the exclusive invention of any one indi- 
vidual : it is the result of a series of discoveries and 
inventions which have for the last two centuries 
been accumulating. When we attempt to trace 
back its history, and to determine its first inventor, 
we experience the same difficulty as is felt in tracing 
the head of a great river : as we ascend its course 
we are embarrassed by the variety of its tributary 
streams, and find it impossible to decide which of 
those channels into which it ramifies ought to be 
regarded as the principal stream ; and it terminates 
at length in a number of threads of water, each in 
itself so insignificant as to be unworthy of being 
regarded as the source of the majestic object which 
has excited the enquiry. 

From a very early period the efiects of heat upon 
liquids, and more especially the production of steam 
or vapour, was regarded as a probable source of 
mechanical power, and numerous speculators di- 
rected their attention to it, and exerted their inven- 
tive faculties to derive from it an effective mover. 
It was not, however, until the commencement ot 
the eighteenth century that any invention was pro- 
duced which was practically applied, even unsuc- 
cessfully. All the attempts previous to that time 
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were either suggestions which were limited to paper 
or experiments confined to models ; or, if tiey ex- 
ceeded this, the; never outlived a single trial on a 
larger scale. Nevertheless many of these suggestions 
and experiments being recorded and accessible to 
future enquirers doubtless offered useful hints and 
eome practical aid to those more successful investi* 
gatora who subsequently coutrived engines in such 
forms as to be practically available on a large aeide 
for mechanical purposes. It is right and just, there- 
fore — mere suggestions and abortive experiments 
though they may have been — to record them, that 
«ach inventor and discoverer may receive the just 
credit due to bis share in this splendid mechanical 
inventjon. We shall then in the present chapter 
briefly enumerate, in chronological order, the suc- 
cessive steps so far as they have come to our 
knowledge. 



(23.) In a work entitled Spiritalia sen Pneu- 
matica, one of the numerous works of this philo- 
topher which has remained to us, is contained a 
description of a machine moved by vapour of water. 
A hollow sphere, of which a b represpnls a section, 
is supported on two pivots at A and B, which are 
the extremities of tubes A c d and set, which 
pass into a boiler where steam is generated. This 
steam flows through small apertures at the extremi- 
ties A and B, and fills the hollow sphere. One or 
more horizontal arms k a, i h, project from this 
sphere, and are likewise filled with steam, but are 
dosed at their extremities. Conceive a small bole 
c + 
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made near the extremity g, but at one side of one 
of the tubes; the steam confined in the tube and 
globe would immediately rush from the hole with a 
force proportionate to its pressure within the globe. 
On the common principle of mechanics a re-action 
would be produced, and the tube would recoil in 
the same manner as a gun when discharged. The 
tubular arm k g being thus pressed in a direction 
opposed to that in which the steam issues, the 
sphere would revolve accordingly, and would con- 
tinue to revolve so long as the steam would continue 
to flow from the aperture. The force of recoil 
would be increased by making a similar aperture in 
two or more arms, care being taken that all the 
apertures should be placed so as to cause the sphere 
to revolve in the same direction. 

This motion being once produced might be trans- 
mitted by ordinary mechanical contrivance to any ma- 
chinery which its power might be adequate to move. 

This method of using steam is not adopted in any 
part or any form of the modern steam engine. 
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BLASCO BE 6ARAY, A. D. 1543. 

^24.) In the year 1826 there appeared in Zach's 
Correspondence a communication from Thomas 
Gonsalez, Director of the Royal Archives of Si- 
mancas, giving an account of an experiment reported 
to have been made in the year 1543 by order of 
Charles V. in the port of Barcelona. Blasco de 
Garay, a sea captain, had contrived a machine by 
which he proposed to propel vessels without oars or 
sails. Garay concealed altogether the nature of 
the machine whiph he used : all that was seen during 
the experiment was that it consisted of a great 
boiler for water, and that wheels were kept in revo- 
lution at each side of the vessel. The experiment 
was made upon a vessel called the Trinity, of 200 
tons burden, and was witnessed by several official 
personages, whose presence on the occasion was 
commanded by the king. One of the witnesses re- 
ported that it was capable of moving the vessel at 
the rate of two leagues in three hours, that the 
machine was too complicated and expensive, and 
was exposed to the danger of explosion. The other 
witnesses, however, reported more favourably. The 
result of the experiment was thought to be fiavour- 
able : the inventor was promoted, and received a 
pecuniary reward, besides having all his expenses 
defrayed. 

From the circumstance of the nature of the im- 
pelling power having been concealed by the inventor 
it is impossible to say in what this machine consistedi 
or even whether steam exerted any agency what- 
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34 



THE STEAM ENGINE. 



erer in it, or, if it did, whether it might not have 
been, as was most probably the case, a reproduc* 
tion of Hero's contrivance. It is rather unfavMir- 
aUe to the claims advanced by the advocates of the 
Spaniard, that although it b admitted that he waft 
rewarded and promoted in consequence of the 
e^qperiment, yet it does not appear that it was again 
tried, much less brought into practical use. 



SOLOMON DE CAU8, 1615. 



(25.) A work entitled '' Les Raisons des Forces 
Mouvantes, avec diverses Machines tant utiles que 
plaisantes," published at Frankfort in 1615, by So- 
lomon de Cans, a native of France, contains the fol- 
lowing theorem : — 

" Water will mount hy the help of fire higher 
than its level,*' which is explained and proved in the 
following terms : — 

" The third method of raising water is by the 

aid of fire. On this prin- 
ciple may be constructed 
various machines : I shall 
here describe one. Let a 
ball of copper marked A; 
well soldered in every 
part, to which is attached 
a tube and stop-cock 
marked n, by which 
water may be introduced ; 
and also another tube 
marked b C| which will be 
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•oldered into the top of the ball, and the lower end 
cofwhieh shall descend nearly to the bottom of 
the ball without touching it. Let the said ball be 
filled with water through the tube d, then shutting 
the stop-cock di» and opening the stop-cock in the 
vertical tube b c, let the ball be placed upon a fire, 
the heat acting upon the said ball will cause the 
water to rise in the tube b c." 

Such is the description of the apparatus of De 
Cans as given by himself ; and on this has been found- 
ed a claim to the invention of the steam engine. It 
will be observed, that neither in the original theorem 
nor in the description of the machine which accom- 
panies it, b the word steam any where used. Now 
it was well known, by all conversant in physics, 
long before the date of the publication containing 
this description, that atmospheric air when heated 
acquires an increased elastic force. As the experi- 
ment is described, the other part of the ball a is 
filled with atmospheric air; the heat of the fire act- 
ing upon the air through the external surface of 
the ball, and likewise transmitted through the water, 
would of course raise the temperature of the air 
contained in the vessel, would thereby increase its 
elasticity, and would cause the water to rise in the 
tube B c, upon a physical principle altogether in- 
dependent of the qualities of steam. The effect 
produced, therefore, is just what might have been 
expected by any one acquainted with the common 
properties of air, though entirely ignorant of those 
of steam ; and, in point of fact, the pressure of the 
air is as much concerned in this case in raising the 
water as the pressure of the steam. 
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This objection, however, is combated by an- 
other theorem contained in the same work, in which 
De Cans speaks of " the strength of the vapour 
produced by the action of the fire, which causes 
water to mount ; which vapour will issue from the 
stop-cock with great violence after the water has 
been expelled." 

If De Caus be admitted to have understood the 
elastic property of the vapour of water, and to have 
attributed the ascent of the water in the tube c b to 
the pressure of that vapour upon the surface of the 
water confined in the copper ball, it must be ad- 
mitted that he suggested one of the ways of using 
the power of steam as a mechanical agent. In the 
modern steam engine this pressure is not now used 
against a liquid surface, but against the solid sur- 
face of a piston. This, however, should not take 
from De Caus whatever credit be due to the sug- 
gestion of the physical property in question. 



GIOVANNI BRANCA, 1629. 

(26.) In a work published at Rome in 1629, en- 
titled '^ Le Machine del G. Branca," is contained a 
description of a machine for propelling a wheel by 
a blast of steam. This contrivance consists of a 
wheel furnished with flat vanes upon its rim, like 
the boards of a paddle wheel. The steam is pro- 
duced in a close vessel, and made to issue with 
violence from the extremity of a pipe. Being di- 
rected against the vanes, it causes the wheel to 
revolve, and this motion may be imparted by the 



FIRST STEPS IN THE INVENTION. '37 

usual inechanical contrivances to any machinery 

vhich it was intended to move. 

This contrivance has no analogy, whatever to any 
part of the modem steam engines in any of their 
various forms. 

EDWARD SOMERSET, MARQUIS OF WORCESTER, 

1663. 

(27.) Of all the individuals to whom the inven- 
tion of the steam engine has been ascribed the 
most celebrated was the Marquis of Worcester, 
the author of a work entitled " The Scantling of 
One Hundred Inventions," but which is more com- 
monly known by the title " A Century of Inven- 
tions." It is to him that by far the greater number 
of writers and enquirers on this subject ascribe the 
merit of the discovery of the invention. This con- 
trivance is described in the following terms in the 
sixty-eighth invention in the work above named : — 

** I have invented an admirable and foccible way 
to drive up water by fire ; not by drawing or suck- 
ing it upwards, for that must be, as the philoso- 
pher term's it, infra spJuBram (ictivitatis, which is 
but at such a distance. But this way hath no 
bounder if the vessels be strong enough. For I 
have taken a piece of whole cannon whereof the 
end was burst, and filled it three quarters full of 
water, stopping and screwing up the broken end, as 
also the touch-hole "^nd making a constant fire 
under it; within twenty-four hours, it burst and 
made a great crack. So that, having a way to 
make my vessels so that they are strengthened by 
the force within them, and the one to fill after the 
other^ I have seen the water run like a constant 
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fountain stream forty feet high. One veaadi of 
water rarefied by fire driveth up forty of cold 
water, and a man that tends the work has but to 
turn two cocks ; that one vessel of water being con- 
sumed/ another begins to force and refill with cold 
water, and so successively ; the fire being tended 
and kept constant, which the self-same person may 
likewise abundantly perform in the interim between 
the necessity of turning the said cocks." 

These experiments must have been made before 
the year 1663, in which the " Century of Inven- 
tions " was published. The description of the ma- 
chine here given, like other descriptions in the 
same work, was only intended to express the efiects 
produced, and the physical principle on which 
their production depends. It is, however, suffi- 
ciently explicit to enable any one conversant with 
the subsequent contrivance of Savery, to perceive 
that Lord Worcester must have contrived a ma- 
chine containing all that part of Savery's engine in 
which the direct force of steam is employed. As in 
the above description, the separate boiler or gener- 
ator of steam is distinctly mentioned; that the 
steam from this is conducted into another vessel 
containing the cold water to be raised ; that this 
water is raised by the pressure of steam acting upon 
its surface ; that when one vessel of water has thus 
been discharged, the steam acts upon the water con- 
tained in another vessel, while the first is being 
replenished ; and that a continued upward current 
of water is maintained by causing the steam to act 
alteri^tely upon two vessels, employing the inter- 
val to fill one while the water is discharged from 
the other. 
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On comparing this with the contriyance previonsl j 
■Ingested bj De Cans, it will be obsenred, that 
eren if De Cans knew the physical agent by which 
the water was driven upwards in the apparatus 
eontriyed by Mm, still it was only a means of 
cauang a vessel of boiling water to empty itself; 
and before a repetition of the process could be ob- 
tained, the vessel should be refilled, and again 
boiled. In the contrivance of Lord Worcester, on 
the other hand, the agency of the steam was em- 
ployed in the same manner as it is in the steam 
engines of the present day, being generated in one 
vessef, and used for mechanical purposes in an- 
other. Nor must this distinction be regarded as 
trifling and insignificant, because on it depends the 
whole practicability of using steam as a mechanical 
agent. Had its action been confined to the vessel 
in which it was produced, it never could have been 
employed for any useful purpose. 



SIR SAMUEL MORLAND, 1683. 

(28.) It appears, by a MS. in the Harleian Col- 
lection in the British Museum, that a mode of ap- 
plying steam to raise water was proposed to 
Louis XIV. by Sir Samuel Morland. It contains, 
however, nothing more than might have been col- 
lected from Lord Worcester's description, and is 
only curious, because of the knowledge the writer 
appears to have had of the expansion which water 
undergoes in passing into steam. The following 
is extracted from the MS. : — 
. " The principles of the new force of fire invented 
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by Chevalier Morland in 1682, and presented to 
his Most Christian Majesty in 168S: — « V/atei 
being converted into vapour by the force of fire, 
these vapours shortly require a greater space (about 
2000 times) than the water before occupied, and 
sooner than be constantly confined would split a 
piece of cannon. But being duly regulated accord- 
ing to the rules of statics, and by science reduced 
to measure, weight, and balance, then they bear 
their load peaceably (like good horses), and thus 
become of great use to mankind, particularly for 
raising water, according to the following table, 
which shows the number of pounds that may be 
raised 1800 times per hour to a height of six inches 
by cylinders half filled with water, as well as the 
difierent diameters and depths of the said cy- 
linders.* " 



DENIS PAPIN, 1695. 

(29.) Denis Papin, a native of Blois in France, 
and professor of mathematics at Marbourg, had 
been engaged about this period in the contrivance 
of a machine in which the atmospheric pressure 
should be made available as a mechanical agent by 
creating a partial vacuum in a cylinder under a 
piston. His first attempts were directed to the pro- 
duction of this vacuum' by mechanical means, hav- 
ing proposed to apply a water wheel to work an 
air-pump, and so maintain the degree of rarefaction 
required. This, Jiowever, would eventually have 
amounted to nothing more than a mode of trans- 
mitting the power of the waier-wheel to another 
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eogine, since the vacuum produced in this way 
could only give back the power exerted by the 
water-wheel diminished by the friction of the 
pumps ; still this would attain the end first proposed 
by Papin, which was merely to transmit the force 
of the stream of a river, or a fall of water, to a dis- 
tant point, by partially exhausted pipes or tubes. 
He next, however, attempted to produce a partial 
vacuum by the explosion of gunpowder ; but this 
was found to be. insufficient, since so much air re- 
mained in the cylinder under the piston, that at 
least half the power due to a vacuum would have 
been lost. "I have, therefore," proceeds Papin, 
'< attempted to attain this end by another method. 
Since water being converted into steam by heat 
acquiries the property of elasticity like air, and 
may afterwards be recondensed so perfectly by 
cold that there will no longer remain the appearance 
of elasticity in it, I have thought that it would not 
be difficult to construct machines in which, by 
means of a moderate heat, and at a small expense, 
water would produce that perfect vacuum which 
has been vainly sought by means of gunpowder." 

Papin accordingly constructed the model of a 
machine, consisting of a small pump, in which was 
placed a solid piston, and in the bottom of the cy- 
linder under the piston was contained a small quan- 
tity of water. The piston being in immediate con- 
tact with this water, so as to exclude the atmo- 
spheric air, on applying fire to the bottom of the 
cylinder steam was produced, the elastic force of 
which raised the piston to the top of the cylinder: 
the fire being then removed, and the cylinder being 
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cooled bj the surrounding air, the steam was eon* 
densed and reconverted into wateri leaving a vacuum 
in the cylinder into which the piston was pressed by 
the force of the atmosphere. The fire being applied 
and subsequently removed, another ascent and 
descent were accomplished ; and in the same manner 
the alternate motion of the piston might be conti* 
nued. Papin described no other form of machine 
by which this property could be rendered available 
in practice ; but he states generally that the same 
end may be attained by various forms of machhicis 
easy to be imagined.* 



THOMAS S A VERT, 1698. 

(30.) The discovery of ^e method of producing 
a vacuum by the condensation of steam was repro- 
duced, before 1688, by Captain Thomas Savery, to 
whom a patent was granted in that year for a steam 
engine to be applied to the raising of water, Stc» Sa- 
very proposed to combine the machine described 
by the Marquis of Worcester, with an apparatus fbr 
raising water by suction into a vacuum produced 
by the condensation of steam. 

Savery appears to have been ignorant of the pub- 
lication of P&.pin, in 1695, and states that his dis* 
covery of the condensing principle arises from tibe 
following circumstance r — 

Having drunk a flask of Florence at a tavern and 

* Recuetl de diverses: pidce» touchant quelqucs nouirellet 
machines, p. 38. 
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flung the empty flask on the fire, he cidled for a 
basin of water to wash his hands. A small quan- 
tity which remained in the flask began to boil and 
Eteam issued from its mouth. It occurred to him to 
try what effect would be produced by inverting the 
flask and plunging its mouth in the cold water. 
Putting on a thick glove to defend his hand from 
the heat, he seized the flask, and the moment he 
plunged its mouth in the water the liquid immedi- 
ately rushed up into the flask and filled it. (21.) 

Savery stated that this circunutance immediately 
suggested to him the possibility of giving effect to 
the atmospheric pressure by creating a vacuum in 
this manner. He thought that if, instead of ex- 
hausting the barrel of a pump by the usual labori- 
ous method of a. piston and sucker, it was exhausted 
by first filling it with steam and then condensing 
the same steam, the atmospheric pressure would 
force the water from the well into the pump-barrel 
and into any vessel connected with it, provided that 
vessel were not more than about 34 feet above the 
elevation of the water in the welL He perceived, 
also, that, having lifted the water to this height, he 
might use the elastic force of steam in the manner 
described by the Marqub of Worcester to r^se 
the same water to a still greater elevation, and that 
the same steam which accomplished this mechanical 
effect would serve by its subsenuent condensation to 
repeat the vacuum and draw up more water. It was 
on this principle that Savery constructed the first 
engine in which steam was ever btought into prac* 
tical operation. 
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CHAP. HI. 

ENGINES OF SAVERT AND NEWCOMEK. 
SATBKT*8 ENGINB. — BOIUUIS AKD THXia AmiTDAOKS.— WOKK- 

ING ArrAaATos.-— mods or opxaATioK. — dxpscts or thk kk* 

GINS. MXWCOMSN AND CAWLXT. ATMOSPHXXIC XNGINX. 

— ACCIDENTAL DISCOTSXT OF CONDENSATION BT JXT. —rOT- 
TSK*8 DUCeyXRT or THE METHOD OF WOEKINO THE VALVES. 

(SI.) The steam engine contrived by Savery, like 
every other which has since been constructed, con- 
sists of two parts essentially distinct The first is that 
which is employed to generate the steam, which is 
called the boiler, and the second, that in which the 
steam is applied as a moving power. 

The former apparatus in Savery's engine consists 
of two strong boilers, sections of which are repre- 
sented at D and £ in fig. 7. ; d the greater boiler, 
and E the less. The tubes t and t' communicate 
with the working apparatus which we shall presently 
describe. A thin plate of metal r is applied closely 
to the top of the greater boiler d turning on a cen- 
tre c, so that by moving a lever applied to the axis 
c on the outside of the top, the sliding plate r can 
be brought from the mouth of the one tube to the 
mouth of the other alternately. Thb sliding valve 
is called the reffidator, since it is by it that the com- 
munications between the boiler and two steam ves- 
seb (hereafter described,) are alternately opened 
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and closedy the lever which effects this being con* 
stantly wrought by the hand of the attendant. 

Two gatcge pipes are represented at o, 6^, the use 
of which is to determine the depth of water in the 
boiler. One 6 has its lower aperture a little above 
the proper depth, and the other g'' a little below it. 
Cocks are attached to the upper ends 6, o', which 
can be opened or closed at pleasure. The steam 
collected in the top of the boiler pressing on the 
surface of the water forces it up in the tubes o, o^ 
if their lower ends be immersed. Upon opening 
the cocks g, g', if water be forced from both, there 
is too much water in the boiler, since the mouth of 
G is below its level. If steam issue from both there 
is too little water in the boiler, since the mouth of 
g'' is above its level. But if steam issue from g and 
water from g' the water in the boiler is at its proper 
level. This ingenious contrivance for determining 
the level of the water in the boiler is the invention 
of Savery, and is used in many instances at the pre- 
sent day. 

The mouth of g should be at a level of a little 
less than one third of the whole depth, and the 
mouth of g' at a level a little lower than one third ; 
for it is requisite that about two thirds of the boiler 
should be kept filled with water. The tube i forms 
a communication between the greater boiler d and 
the lesser or feeding boiler e, descending nearly to 
the bottom of it. This communication can be 
opened and closed at pleasure by the cock k. A 
gauge pipe is inserted similar to G, g', but extend- 
ing nearly to the bottom. From this boiler a tube 
F extends which is continued to a cistern c (fig. 8.) 
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and a cock is placed at m which, when opened, 
allows the water from the cistern to flow into the 
feeding boiler e, and which is dosed when that 
boiler is filled. The manner in which this cistern 
is supplied will be described hereafter. 

Let us now suppose that the principal boiler is 
filled to the level between the gauge pipes, and that 
the subsidiary boiler is nearly full of water, the cock 
K and the gauge cocks g g' being all closed. The 
fire beiog lighted beneath d and the water boiled, 
steam is produced and is transmitted through one 
or other of the tubes t t% to the working appa- 
ratus. When evaporation has reduced the water in 
D below the level of g' it will be necessary to re- 
plenish the boiler d. This is effected thus. A fire 
being lighted beneath the feeding boiler e, steam is 
produced in it above the surface of the water, which 
having no escape presses on the surface so as to 
force it up in the pipe i. The cock k being then 
opened, the boiling water is forced into the prin- 
cipal boiler d, into which it is allowed to flow until 
water issues from the gauge cock g^ When this 
takes place, the cock k is closed, and the fire re- 
moved from E imtil the great boiler again wants 
replenishing. When the feeding boiler e has been 
exhausted, it is replenished from the cistern c 
(fig. 8.) through the pipe p by opening the cock M. 

(32.) We shall now describe the working appa- 
ratus in which the steam is used as a moving power. 

Let V v' (fig. 8.) be two steam vessels communi- 
cating by the tubes t t^ (marked by the same let- 
ters in fig. 7.) with the greater boiler d. 

Let s be a pipe, called the sttcdan pipe, descending 
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into the well or reservoir from which the water is to 
be raised, and communicating with each of the steam 
vessels through tubes d d' by valves a a' which open 
upwards. Let f be a pipe continued from the level of 
the engine of whatever higher level it is intended to 
elevate the water. The steam vessels v v' commu- 
nicate with the force pipe p by valves b b' which 
open upward, through the tubes e e'. Over the 
steam vessels and on the force <pipe is placed a small 
cistern c already mentioned, which is kept filled with 
cold water from the force pipe, and from the bottom 
of which proceeds a pipe terminated with a cock g. 
This is called the condensing pipe, and can be 
brought alternately over each steam vessel. From 
this cistern another pipe communicates with the 
feeding boiler (fig. 7.), by the cock m.* 

The communication of the pipes t t' with the 
boiler can be opened and closed, alternately, by the 
regulator r, (fig. 7.) already described. 

Now suppose the steam vessels and tubes to be 
all filled with common atmospheric air, and that the 
regulator be placed so that the communication be- 
tween the tube t and the boiler be opened, the 
communication between the other tube t' and the 
boiler being closed, steam will flow into v through 
T. At first, while the vessel v is cold, the steam 
will be condensed and will fall in drops of water on 
the bottom and sides of the vessel. The continued 
supply of steam from the boiler will at length im- 
part such a degree of heat to the vessel v that it 

•^. 
* Tliis pipe in fig. 9. is represented as proceeding from the 
force-pipe above the cistern c. 
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will cease to condense it. Mixed with the heated 
air contained in the vessel v, it will have an elastic 
force greater than the atmospheric pressure, and will 
therefore force open the valve b, through which a 
mixture of air and steam will be driven until all the 
air in the vessel v will have passed out, and it will 
contain nothing but the pure vapour of water. 

When this has taken place, suppose the regulator 
be moved so as to close the communication between 
the tube t and the boiler, and to stop the further 
supply of steam to the vessel v ; and at the same 
time let the condensing pipe o be brought over the 
vessel V and the cock opened so as to let a stream 
of cold water flow upon it. This will cool the ves- 
sel V, and the steam with which it is filled will be 
condensed and fall in a few drops of water, leaving 
the interior of the vessel a vacuum. The valve b 
will be kept closed by the atmospheric pressure. 
But the elastic force of the air between the valve A 
and the surface of the water in the well, or reservoir, 
will open a, so that a part of this air will rush in 
(6.) and occupy the vessel v. The air in the suc- 
tion pipe s, being thus allowed an increased space^ 
will be proportionably diminished in its elastic force 
(6.), and its pressure will no longer balance that 
of the atmosphere acting on the external surface l * 
of the water in the reservoir. This pressure will, 
therefore, force water up in the tube s until its 
weight, together with the elastic force of the air 
above it, balances the atmospheric pressure on l 
(?.)• When this has taken place, the water will 
cease to ascend. 

* Not in the diagram. 
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Let US now suppose that, by shifting the regu- 
lator, the communication is opened between t and 
and the boiler, so that steam flows again into v. 
The condensing cock 6 being removed, the vessel 
will be again heated as before, the air expelled, and 
its place filled by the steam. The condensing pipe 
being s^ain allowed to play upon the vessel v, and 
the further supply of steam being stopped, a vacuum 
will be produced in v, and the atmospheric pressure 
on L will force the water through the valve a into 
the vessel v, which it will nearly fill, a small quan- 
tity of air, however, remaining above it 

Thus far the mechanical agency employed in 
elevating the water is the atmospheric pressure ; and 
the power of steam is no further employed than in 
the production of a vacuum. But, in order to con- 
tinue the elevation of the water through the force 
pipe F, above the level of the steam vessel, it will 
be necessary to use the elastic pressure of the steam. 
The vessel v is now nearly filled by the water which 
has been £6rced into it by the atmosphere. Let us 
anppose that, the regulator being shifted again, the 
eommunication between the tube t and the boiler 
is opened, the condensing cock removed, and that 
steam flows into v. At first coming in contact with 
the cold surface of the water and that of the vessel, 
it is condensed ; but the vessel is soon heated, and 
the water formed "by the condensed steam collects 
in a sheet or film on the surface of the water in v, 
so as to form a surface as hot as boiling water.* 
The steam then being no longer condensed, pressei^ 

* Hot water being lighter than pold, floats on the surface. 

o 
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on the surface of the water with its elastic force ; and 
when that pressure becomes greater than the atmo- 
spheric pressure, the valve b is forced open and the 
water, issuing through it, passes through e into the 
force pipe f ; and this is continued until the steam 
has forced all the water from y, and occupies its 
place. 

The further admission of steam through t is once 
more stopped by moving the regulator; and the 
condensing pipe being again allowed to play on v, 
so as to condense the steam which fills it, produces 
a vacuum. Into this vacuum, as before, the atmo- 
spheric pressure on l will force the water, and fill 
the vessel v. The condensing pipe being then 
closed and steam admitted through t, the water in 
V will be forced by its pressure through the vahre b 
and tube £ into f, and so the process is continued. 

We have not yet noticed the other steam vessel 
v^ which, as far as we have described, would have 
remained filled with common atmospheric air, the 
pressure of which, on the valve a', would have pre- 
vented the water raised in the suction pipe s from 
massing through it. However, this is not the case ; for, 
during the entire process which has been described 
in V, similar effects have been produced in v', which 
we have only omitted to notice, to avoid the con- 
fusion which the two processes might produce. It 
will be remembered, that after the steam, in the 
first instance, having flowed from the boiler through 
t, has blown the air out of v through b, the com- 
munication between t and the boiler is closed. 
Now the same motion of the regulator which closes 
this opens the communication between x^ and the 
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boiler ; for the sliding plate r (fig. 7.) is moved 
from the one tube to the other, and at the same 
time, as we have already stated, the condensing pipe 
is brought to play on v. While, therefore, a vacuum 
is being formed in v by condensation, the steam, 
flowing through t', blows out the air through b', as 
already described in the other vessel v ; and, while 
the air in s is rushing up through a into v followed 
by the water raised in s by the atmospheric pressure 
on L, the vessel V" is being filled with steam, and 
the air is completely expelled from it. 

The communication between t and the boiler is 
now again opened, and the communication between 
t' and the boiler closed by moving the regulator r 
(fig. 7.) from the tube t to t'' ; at the same time the 
condensing pipe is removed from over v and brought 
to play upon v'. While the steam once more ex- 
pels the air from v through b, a vacuum is formed 
by condensation in v^ into which the water in s 
rushes through the valve a\ In the mean time v is 
again filled with steam. The communication be- 
twe^i T and the boiler is now closed, and that 
between t^ and the boiler is opened, and the con- 
densing pipe removed from v' and brought to play 
on v. While the steam from the boiler forces the 
water in v' through b' into the forcepipe p, a va- 
cuum is being produced in v into which water is 
raised by tfce atmospheric pressure at l. 

Thus each of the vessels v v' is alternately filled 
from s and the water thence forced into p. The 
same steam which forces the water from the vessels 
into F, having 4one its duty, is condensed, and 
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brings up the water from s by giving effect to the 
atmospheric pressure. 

During this process, two alternate motions or 
adjustments must be constantly made ; the commu* 
nication between t and the boiler must be opened> 
and that between t^ and the boiler closed, which is 
done by one motion of the regulator. The con- 
densing pipe at the same time must be brought from 
V to play on v', which is done by the lever placed 
upon it. Again the communication between t' and 
the boiler is to be opened, and that between t and 
the boiler closed ; this is done by moving back the 
regulator. The condensing pipe is brought from v' 
to V by moving back the other lever, and so on 

alternately. 

For the clearness and convenience of description, 
some slight and otherwise unimportant changes 
have been made in the position of the parts.* A 
perspective view of this engine is presented in fig. 9. 
The different parts already described will easily be 
recognised, being marked with the same letters as 
in figs. 6, 7« 

(33.) In order duly to appreciate the value of 
improvements, it is necessary first to perceive the 
defects which these improvements are designed to 

* In the diagrams used for explaining the principles and 
operations of machines, I have found it contribute much to the 
clearness of the description to adopt an arrangement of parts 
somewhat different from that of the real machine. When once 
the nature and principles on which the machine acts are well 
understood, the reader will find no difficulty in transferring 
every part to its proper place, which is reoresented in tbeper* 
jipective drawingsl 
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remove. Savery's steam-engine, considering how 
little was known of the value and properties of 
steam, and how low the general standard of me- 
chanical knowledge was in his day, b certainly 
highly creditable to his genius. Nevertheless it 
had very considerable defects, and was finally found 
to be inefficient for the most important purposes to 
which he proposed applying it. 

At the time of this invention, the mines in Eng- 
land had greatly increased in depth, and the pro- 
cess of draining them had become both expensive 
and difficult; so much so, that it was found in many 
instances that their produce did not cover the cost 
of working them. The drainage of these mines was 
the most important purpose to which Savery pro- 
posed to apply hb steam-engine. 

It has been already stated, that the pressure of 
the atmosphere amounts to about 15 lbs. (3.) on 
every square inch. Now, a column of water, whose 
base is one square inch, and whose height is 34* feet, 
weighs about 15 lbs. If we suppose that a perfect 
vacuum were produced in the steam-vessels v v' 
(fig. 8.) by condensation, the atmospheric pressure 
on L would fail to force up the water, if the height 
of the top of these vessels exceeded 34 feet. It 
is plain, therefore, that the engine cannot be 
more than 34 feet above the water which it is in- 
tended to elevate. But in fact it cannot be so 
much ; for the vacuum produced in the steam- 
vessels V v' is never perfect. Water, when not 
submitted to the pressure of the atmosphere, will 
vaporise at a very low temperature (17.) ; and it 
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was found that a vapour posseflsing a considerable 
elasticity would, notwithstanding the condensation, 
remain in the yessels v v' and the pipe s, and 
would (^pose the asc^it of the water. In conse- 
quence of this, it was found that the engine could 
never be placed with practical advantage at a greater 
height than 96 feet above the level of the water to 
be raised. 

(34.) When the water is elevated to the engine, 
and the steam-vessels filled, if steam be introduced 
above the water in v, it must first balance the atmo- 
spheric pressure, before it can force the water 
trough the valve b. liere, then, is a mechanical 
pressure of 15 lbs. per square inch expended, without 
any water being raised by it. If steam of twice that 
elastic force he used, it will elevate a column in y 
of 34 feet in height; and if steam of triple the force 
be used, it will raise a column of 68 feet high, 
which, added to 26 feet raised by the atmosphere^ 
gives a total lift of 94 feet* 

In effecting this, steam of a pressure equal to 
three times that of the atmosphere acts on the 
inner surface of the vessels v v'. One third of this 
bursting of the pressure is balanced by the pressure 
of the atmosphere on the external surface of the 
vessels; but an effective pressure of 30 lbs. per 
square inch still remains, tending to burst the ves- 
sels. It was found, that the apparatus could not be 
constructed to bear more than this with safety; 
and, therefore, in practice the lift of such an engine 
was limited to about 90 perpendicular feet. In 
order to raise the water from the bottom of the 
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mine by these engines, therefore, it was necessar} 
to p]ace one at every 90 feet of the depth ; so that 
tbe water raised by one through the first 90 ft et 
should be received in a reservoir, from which it 
was to be elevated the next 90 feet by another, and 
soon. 

Besides this, it was found that sufficient strength 
could not be given to those engines, if constructed 
ujxm a large scale. They were, therefore, neces- 
sarily very limited in their dimensions, and were 
beapable of raising the water with sufficient speed. 
Hence arose a necessity for several engines at each 
level, which greatly enhanced the expense. 

(35.) These, however, were not the only defects 
of Savery's engines. The consumption of fuel was 
enormous, the proportion of heat wasted being muca 
more than what was used in either forcing up the 
water, or producing a vacuum. This will be very 
easily understood by attending to the process of 
working the engine already described. 

When the steam is first introduced from the 
boiler into the steam-vessels v v', preparatory to 
the formation of a vacuum, it is necessary that it 
should heat these vessels up to the temperature of 
the steam itself ; for until then the Bteam will be 
condensed the moment it enters the vessel by the 
cool surface. All this heat, therefore, spent in rais- 
ing the temperature of the steam vessels is wasted. 
Again, when the water has ascended and filled the 
vessels v v^ and steam is introduced to force this 
water through b b'' into f, it is immediately con- 
densed by the cold surface in v v^ and does no^ 
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begin to act until a quantity of hot water, formed 
by condensed steam, is collected on the surface of 
the cold water which fills the vessel v v^ Hence 
another source of the waste of heat arises. 

When the steam begins to act upon the surface 
of the water in v v', and to force it down, the cold 
surface of the vessel is gradually exposed to the 
steam, and must be heated while the steam con- 
tinues its action ; and when the water has been 
forced out of the vessel, the vessel itself has bemi 
heated to the temperature of the steam which fills 
it, all which heat is dissipated by the sut>sequent 
process of condensation. It must thus be evident 
that the steam used in forcing up the water in f^ 
and in producing a vacuum, beafs a very small pro* 
portion Indeed to what is consumed in heating the 
apparatus after condensation. 

(36.) There is also another circumstance which in- 
creases the consumption of fueL The water must 
be forced through b, not only against the atmosphe- 
ric pressure, but also against a column of 68 feet 
of water. Steam is therefore required of a pressure 
of ^dlbs. on the square inch. Consequently the 
water in the boiler must be boiled under this pres- 
sure. That this should take place, it is necessary 
that the water should be raised to a temperature 
considerably above 212° (17), even so high as 267®; 
and thus an increased heat must be given to the 
boiler. Independently of the other defects, this 
intense heat weakened and gradually destroyed the 
apparatus. 

Besides the drainage of mines, Savery proposed 
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• 

to apply his steam engine to a variety of other pur- 
poses; such as supplying cities with water, form- 
ing ornamental water-works in pleasure grounds, 
turning mills, &c. 

Savery was the first who suggested the method of 
expressing the power of an engine with reference to 
that of horses. In this comparison, however, he 
supposed each horse to work but 8 hours a day, 
while the engine works for 24 hours. This method 
of expressing the power of steam engines will be 
explained hereafter. 

(37.) The failure of the engines proposed by 
Captain Savery in the great work of drainage, from 
the causes which have been just mentioned and 
the increasing necessity for effecting this object 
arising from the circumstance of the large property 
in mines, which became every year unproductive 
by it, stimulated the ingenuity of mechanics to con- 
trive some means of rendering those powers of steam 
exhibited in Savery's engine practically available. 
Among others, Thomas Newcomen, a blacksmith of 
Dartmouth, and John Cawley, a plumber of the 
same place, turned their attention to this enquiry. 

Newcomen appears to have resumed the old me- 
thod of raising the water from the mines by ordinary 
pumps, but conceived the idea of working these 
pumps by some moving power less expensive than 
that of horses. The means whereby he proposed 
effecting this was by connecting the end of the 
pump-rod d (fig. 10.), by a chain, with the arch 
head a of a working beam a b, playing on an axis 
C. The other arch head b of this beam was con- 
nected by a chain with the rod s of a solid piston 
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p, which moved air-tight in a cylinder f. If a va- 
cuum be created beneath the piston p, the atmo- 
spheric pressure acting upon it will press it down 
with a force of 15 lbs. per square inch; and the end 
A of the beam being thus raised, the pump-rod d 
will be drawn up. If a pressure equivalent to the 
atmosphere be then introduced below the piston, so 
as to neutralise the downward pressure, the piston 
will be in a state of indifference as to rising or fall- 
ing ; and if in this case the rod d be made heavier 
than the piston and its rod, so as to overcome the 
friction, &c. it will descend, and elevate the piston 
again to the top of the cylinder. The vacuum 
being again produced, another descent of the piston, 
and consequent elevation of the pump-rod, will take 
place ; and so the process may be continued. 

Such was Newcomen's (irst conception of the att" 
mospheric engine ; and the contrivance had much, 
even at the first view, to recommend it. The power 
of such a machine would depend entirely on the 
magnitude of the piston; and being independent of 
an highly elastic steam, would not expose the ma- 
terials to the destructive heat which was necessairy' 
for working Savery's engine. Supposing a perfect 
vacuum to be produced under the piston in the cy-* 
Under, an effective downward pressure would be 
obtained, amounting to 15 times as many pounds as 
there are square inches in the section of the piston.* 

* As the calculation of the power of an engine depends on 
the number of square inches in the section of the piston, it 
may be useful to gire a rule for computing the number of 
square inches in a circle. The following rule will always 
give the dimensions with sufficient accuracy: — MulUpfy the 
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Thus, if the base of the piston were 100 square 
inches, a pressure equal to 1500 lbs. would be ob- 
tained. 

(38.) In order to accomplish this design, two 
things were necessary : 1. To make a speedy and 
effectual Yacaum below the piston in the descent ; 
and, 2. To contrive a counterpoise for the atmosphere 
in the ascent. 

The condensation of steam immediately presented 
itself as the most effectual means of accomplishing 
the former ; and the elastic force of the same steam 
previous to condensation an obvious method of 
effecting the latter. Nothing now remained to carry 
the design into execution, but the contrivance of 
means for the alternate introduction and condens- 
ation of the steam; and Newcomen and Cawley 
were accordingly granted a patent in 1707, in which 
Savery was united, in consequence of the principle 
of condensation for which he had previously re- 
ceived a patent being necessary to the projected 
machine. We shall now describe the atmospherie 
engine, as first constructed by Newcomen : — 

The boiler k is placed over a furnace i, the flue 
of which winds round it, so as to communicate heat 
to every part of the bottom of it. In the top, which 

number of inchet in the diameter by Uulfs divide the product 
by 14, and multiply the quotient thus obtained by II, and the 
remit will be the number qf square inches in the circle. Thus 
if there be 12 inches in the diameter, this multiplied by itself 
gives 144, which divided by 14 gives 10||, which multiplied 
by 11 gives 115, neglecting fractions. 'Diere are, therefore, 
115 square inches in a circle whose diameter is 12 inches. 
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is hemispherical, two gauge-pipes o o' are placed, 
as in Savery's engine, and a puppet valve v, which 
opens upward, and is loaded at one pound per square 
inch; so that when the steam produced in the 
boiler exceeds the pressure of the atmosphere bj 
more than one pound on the square inch, the valve 
V is lifted, and the steam escapes through it, and 
continues to escape until its pressure is sufficiently 
diminished, when the valve v again falls into its 
seat. 

The great steam-tube is represented at s, which 
conducts steam from the boiler to the cylinder ; and 
a feeding pipe t furnished with a cock> which b 
opened and closed at pleasure, proceeds from a cis- 
tern L to the boiler. By this pipe the boiler may 
be replenished from the cistern, when the gauge cock 
G^ indicates that the level has fallen below it. The 
cistern l is supplied with hot water by means which 
we shall presently explain. 

(39.) To understand the mechanism necessary to 
work the piston, let us consider how the supply and 
condensation of steam must be regulated. When 
the piston has been forced to the bottom of the 
cylinder by the atmospheric pressure acting against 
a vacuum, in order to balance that pressure, and 
enable it to be drawn up by the weight of the pump- 
rod, it is necessary to introduce steam from the 
boiler. This is accomplished by opening the cock 
R in the steam pipe s. The steam being thus in- 
troduced from the boiler, its pressure balances the 
action of the atmosphere upon the piston, which is 
immediately drawn to the top of the cylinder by 
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the weight of the pump-rod d. It then becomes 
necessary to condense this steam, in order to pro- 
duce a vacuum. To accomplish this the further 
supply of steam must be cut off, which is done by 
closing the cock r. The supply of steam from the 
boiler being thus suspended, the diffusion of cold 
water on the external surface of the cylinder be- 
comes necessary to condense the steam within it 
This was done by enclosing the cylinder within 
another, leaving a space between them.* Into this 
space cold water is allowed to flow from a cock m 
placed over it, which is supplied by a pipe from the 
cistern n. This cistern is supplied with water by 
a pump o, which is worked by the engine itselfj 
from the beam above it. 

The cold water supplied from m, having filled the 
space between the two cylinders, abstracts the heat 
from the inner one ; and condensing the steam, pro- 
duces a vacuum, into which the piston is immedi- 
ately forced by the atmospheric pressure. Prepara- 
tory to the next descent, the water which thus fills the 
space between the cylinders, and which is warmed 
by the heat it has abstracted from the steam, must 
be discharged, in order to give room for a fresh 
supply of cold water from m. An aperture, fur- 
nished with a cock, is accordingly provided in the 
bottom of the cylinder, through which the water is 
discharged into the cistern l ; and being warm, is 
adapted for the supply of the boiler through t, as 
already mentioned. 

The cock r being now again opened, steam is ad- 
mitted below the piston, which, as before, ascends, 

* The external cylinder is not represented in the diagram. 
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and the descent is again accomplished by opening 
the cock M, admitting cold water between the cylin- 
ders, and thereby condensing the steam below the 
piston. 

The condensed steam, thus reduced to water, will 
collect in the bottom of the cylinder, and resist the 
descent of the piston. It is, therefore, necessary to 
provide an exit for it, which is done by a valve 
opening outwards into a tube which leads to the 
feeding cistern l, into which the condensed steam 
is driven. 

That the piston should continue to be air-tight, 
it was necessary to keep a constant supply of water 
over it ; this was done by a cock similar to m, which 
allowed water to flow from the pipe m on the piston. 

(40.) Soon after the first construction of these en- 
gines, an accidental circumstance suggested to New- 
comen a much better method of condensation than 
the effusion of cold water on the external surface of 
the cylinder. An engine was observed to work 
several strokes with unusual rapidity, and without 
the regular supply of the condensing water. Upon 
examining the piston, a hole was found in it, through 
which the water, which was poured on to keep it 
air-tight, flowed, and instantly condensed the steam 
under it. 

On this suggestion Newcomen abandoned the ex- 
ternal cylinder, and introduced a pipe h furnished 
with a cock Q into the bottom of the cylinder, so 
that on turning the cock the pressure of the water 
in the pipe h, from the level of the water in the cis- 
tern N, would force the water to rise as a jet into 
the cylinder, and would instantly condense the steam. 
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This method of condensiDg by a jet formed a veiy 
important improvement in the enginei» and is the 
method still used. 

(41.) Having taken a general view of the parts 
of the atmospheric engine, let us now consider more 
particularly its operation. 

When the engine is not working the weight of 
the pump-rod d draws down the beam a, and draws 
the piston to the top of the cylinder, where it rests. 
Let us suppose all the cocks and valves closed, and 
the boiler filled to the proper depth. The fire being 
lighted beneath it, ' the water is boiled until the ^ 
steam acquires sufficient force to lift the valve v 
When this takes place, the engine may be started 
For thb purpose the regulating valve r is opened. 
The steam rushes in and is first condensed by the 
cold cylinder. After a short time the cylinder ac- 
quires the temperature of the steam, which then 
ceases to be condensed, and mixes with the air 
which filled the cylinder. The steam and heated 
air, having a greater force than the atmospheric 
pressure, will open a valve placed at the end x of 
a small tube in the bottom of the cylinder, and 
which opens outwards. From this (which is called • 
the blowing valve *) the steam and air rush in a con- 
stant stream until all the air has been expelled, and 
the cylinder is filled with the pure vapor of water 
This process is called blowing the engine preparatory 
to starting it. 

When it is about to be started, the engine-man 

* Also called the tnifting ralve, from the peculiar noise 
made by the air and steam escaping from it 
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closes the regulator r, and thereby suspends the 
supply of steam from the boiler.. At the same time 
he opens the condensing valve h * ; and thereby 
throws up a jet of cold water into the cylinder. 
This immediately condenses the steam contained in 
the cylinder, and produces the vacuum. (The atmo- 
sphere cannot enter the blowing valve, because it 
opens outwardsy so that no air can enter to vitiate 
the vacuum.) The atmospheric pressure above the 
piston now takes effect, and forces it down in the 
cylinder. The descent being completed^ the engine- 
man closes the condensing valve h, and opens the 
regulator r. By this means he stops the play of 
the jet within the cylinder, and admits the steam 
from the boiler. The first effect of the steam is to 
expel the condensing water and condensed steam 
which are collected in the bottom of the cylinder 
through the tube y, containing a valve which opens 
outwards (called the eduction valve), which leads 
to the hot cistern l, into which this water is there- 
fore discharged. 

When the steam admitted through r ceases to be 
condensed, it balances the atmospheric pressure 
above the piston, and thus permits it to be drawn 
to the top of the cylinder by the weight of the rod 
D. This ascent of the piston is also assisted by the 
circumstance of the steam being somewhat stronger 
than the atmosphere. 

When the piston has reached the top, the regu- 
lating valve R is closed, and the condensing valve h 

• Also called the injection valve* 
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opened, and another descent produced as before^ 
and so the process is continued. 

The manipulation necessary in working this en- 
gine was, therefore, the alternate opening and clos- 
ing of two valves; the regulating and condensing 
valves. When the piston reached the top of the 
cylinder, the former was to be closed, and the latter 
opened; and, on reaching the bottom, the former 
was to be opened, and the latter closed. 

(42.) From the imperfect attention which eve« 
an assiduous attendant could give to the manage- 
ment of these valves, the performance of the engines 
was very irregular, and the waste of fuel very great, 
until a boy named Humphrey Potter contrived 
means of making the engine work its own valves. 
This contrivance, although made with no other 
design than the indulgence of an idle disposition, 
nevertheless constituted a most important step in 
the progressive improvement of the steam-engine ; 
for by its means, not only the irregularity arising 
from the negligence of attendants was avoided, but 
the speed of the engine was doubled. 

Potter attached strings to the levers which worked 
the valves, and carrying these strings to the work- 
ing beam> fastened them upon it in such a manner 
that as the beam ascended and descended, it pulled 
the strings so as to open and close the proper 
valves with the most perfect regularity and certainty. 
This contrivance was afterwards much improved by 
an engineer named BeightoUy who attached to the 
working beam a straight beam called a plug framf^ 
carrying pins which, in . the ascent and descent of 
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the beam, struck the levers attached to the valves, 
and opened and closed them exactly at the proper 
moment. 

The engine thus improved required no other at- 
tendance except to feed the boiler occasionally by 
the cock T, and to attend the furnace. 
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CHAR IV. 

ENGINE OF JAMES WATT. 

ADTANTAOXS OF TBX ATMOSPHERIC ZMOIVZ OVER THAT OF 

CAPTAIN SATERT IT CONTAINED NO NEW PRINCIPLE. 

PAFIN's engine. — JAMES WATT — PARTICULARS OF HIS LIFE. 

BIS FIRST CONeXPTIONS OF THE MEANS OF ECONOMISING 

HEAT. — PRINCIPLE OF HIS PROJECTED IMFROTEMENT8. 

(43.) Considered practically, the engine de- 
scribed in the last chapter possessed considerable 
advantages oyer that of Savery; and even at the 
present day this machine is not unfrequently used 
in districts where fuel is very abundant and cheap, 
the first cost being considerably lens than that of a 
modern engine. The low pressure of the steam ne- 
cessary to work it rendered the use of the atmo* 
spheric engine perfectly safe; there being only a 
bursting pressure of about 1 lb. per inch, while in 
Savery's there was a bursting pressure amounting to 
30 lbs. The temperature of the steam not exceed- 
ing 216®, did not weaken or destroy the materials ; 
while Savery's engines required steam raised from 
water at 267°, which in a short time rendered the 
engine unable to sustain the pressure. 

The power of Savery's engines was also very 
limited, both as to the quantity of water raised, and 
the height to which it was elevated (34.). On the 
other hand, the atmospheric engine had no other 
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limit than the dimensions of the pbton. In esti« 
mating the power of these engines, however, we 
cannot allow the full atmospheric pressure as an 
effective force. The condensing water being mixed 
with the condensed steam, forms a quantity of hot 
water in the bottom of the cylinder, which, not 
being submitted to the atmospheric pressure (17.)» 
produces a vapour which resists the descent of the 
piston. In practice we find that an allowance of at 
least 3 lbs. per square inch should be made for the 
resistance of this vapour, and 1 lb. per square inch 
for friction, &c. ; so that the effective force will be 
found by subtracting these 4 lbs. per square inch 
from the atmospheric pressure ; which, if estimated 
at 15 lbs., leaves an effective working power of about 
11 lbs. per square inch. This, however, is rather 
above what is commonly obtained. 

Another advantage which this engine has ov^r 
those of Savery, is the facility with which it might 
be applied to drive machinery by means of the 
working beam. 

The merit of this engine, as an invention, must 
be ascribed principally to its mechanism and com- 
binations. We find in it no new principle; the 
agency of atmospheric pressure acting against a 
vacuum, or a partial vacuum, was long known. The 
formation of a vacuum by the condensation of steam 
had been suggested by Papin and Savery, and car- 
ried into practical effect by the latter. The me- 
chanical power derivable from the direct pressure 
of the elastic force of steam was distinctly pointed 
out by Lord Worcester, and even prior to his time; 
the boiler, gauge pipes, and regulator of the atmo- 
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spheric engine, were evidently borrowed from Sa^ 
very's engine. The idea of working a piston in a cy- 
linder by the atmospheric pressure against a vacuum 
below, was suggested by Otto Guericke, an ingenious 
German philosopher, the inventor of the air pump, 
and subsequently by Papin; and the use of a working 
beam could not have been unknown. Nevertheless, 
considerable credit must be acknowledged to be due 
to Newcomen for the judicious combination of those 
scattered principles. " The mechanism contrived by 
him," says Tredgold, '^produces all the difference be- 
tween an efficient and inefficient engine, and should 
be more highly valued than the fortuitous discovery 
of a new principle." The rapid condensation of steam 
by the injection of water, the method of clearing 
the cylinder of air and water after the stroke, are 
two contrivances not before in use, and which are 
quite essential to the effective operation of the en- 
gine : these are wholly due to Newcomen and his 
associates. 

(44.) The patent of Newcomen was granted in 
1705 ; and in 1707, Papin published a work, en- 
titled " A New Method of raising Water by Fire," 
in which a steam engine b described, which would 
scarcely merit notice here but for the contests which 
have arisen upon the claims of different nations for 
a share in the invention of the steam engine. The 
publication of this work of Papin was nine years 
after Savery's patent, with which he acknowledges 
himself acquainted, and two years after Newco- 
men's. The following is a description of Papin's 
steam-engine : — 

An oval boiler, a (fig. 11.), is filled to about 
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two thirds of its entire capacity with water, through 
a valve b in the top, which opens upwards, and is 
kept down by a lever carrying a sliding weight. 
The pressure on the valve is regulated by moving 
the weight to or from b, like the common steelyard. 
This boiler conmiunicates with a cylinder, c, by a 
syphon tube furnished with a stopcock at d. The 
cylinder c has a valve p in the top, closed by a lever 
and weight similar to b, and a tube with a stopcock 
6 opening into the atmosphere. In this cylinder is 
placed a hollow copper piston h, which moves freely 
in it, and floats upon the water. Another tube forms 
a communication between the bottom of this cylin- 
der and the bottom of a close cylindrical vessel i, 
called the air vessel. In this tube is a valve at k, 
opening upwards; also a pipe terminated in a funnel, 
and furnished with a valve l, which opens dovm- 
wards. From the lower part of the air-vessel a tube 
proceeds, furnished also with a stopcock m, which 
is continued to whatever height the water is to be 
raised. 

Water being poured into the funnel, passes 
through the valve l, which opens downwards ; and 
filling the tube, ascends into the cylinder c, carrying 
the floating piston h on its surface, and maintains 
the same level in c which it has in the funnel. In 
this manner the cylinder c may be filled to the level 
of the top of the funnel. In this process, the cock g 
should be left open, to allow the air in the cylinder 
to escape as* the water rises. 

Let us now suppose that, a fire being placed 
beneath the boiler, steam is being produced. On 
opening the cock d, and closing g, the steam. 
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flowing through the syphon tube into the top of the 
cylinder, presses down the floating piston, and 
forces the water into the lower tube. The passage 
at L being stopped, since l opens downwards^ the 
water forces open the valve k, and passes into the 
air vessel i. When the piston h has been forced to 
the bottom of the cylinder, the cock d is closed, and o 
is opened^ and the steam allowed to escape into the 
atmosphere. The cylinder is then replenished from 
the funnel as before ;^ and the cock 6 being closed, 
and D opened, the process is repeated, and more 
water forced into the air-vessel i. 

By continuing this process, water is forced into 
the air-vessel, and the air which originally filled 
that vessel is compressed into the space above the 
water ; and its elastic force increases exactly in the 
same proportion as its bulk is diminished. (6.) Now, 
suppose that half of the vessel i has been filled by 
the water which is forced in, the air above the 
water being reduced to half its bulk has acquired 
twice the elastic force, and therefore presses on the 
surface of the water with twice the pressure of the 
atmosphere. Again, if two thirds of the air vessel 
be filled with water, the air is compressed into one 
third of its bulk, and presses on the surface of the 
water with three times the pressure of the atmo- 
sphere, and so on. 

Now if the cock m be opened, the pressure of the 
condensed air will force the water up in the tube n, 
and it will continue to rise until the column balances 
the pressure of the condensed air. If, when the 
water is suspended in the tube, and the cock M 
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open, the vessel i is half filled, the D^ight of the 
column in n will be 34 feet, because 34 feet of 
water has a pressure equal to the atmosphere ; and 
this, added to the atmospheric pressure on it, gives 
a total pressure equal to twice that of the atmo- 
sphere, which balances the pressure of the air in i 
reduced to half its bulk. If two thirds of i be filled 
with water, a column of 68 feet will be supported 
II N ; for such a column, united with the atmo- 
spheric pressure on it, gives a total pressure equal 
to three times that of the atmosphere, which balances 
the air in i compressed into one third of its original 
bulk. 

By omitting the principle of condensation, tliifl 
machine loses 26 feet in the perpendicular lift. 
But, indeed, in every point of view, it is inferior to 
the engines of Savery and Newcomen. 

(45.) From the construction of the atmospheric 
engine by Newcomen, in 1705, for arbout half a . 
century, no very important step had been made in 
the improvement of the steam engine. During this 
time the celebrated Smeaton had given much 
attention to the details of the atmospheric engine, 
and brought that machine to as high a state of per- 
fection as its principle seemed to admiti and as it 
has ever since reached. 

In the year 1763, James Watt, a name illus- . 
trious in the history of mechanical science, com- 
menced his experiments on steam. He was bom at 
Greenock, in the year 1736; and at the age of 16 
was apprenticed to a mathematical instrument maker, 
with whom he spent four years. At the age of 20 
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he removed to London, where he still pursued 
the same trade under a mathematical instrument- 
maker in that city. After a short time, however, 
finding his health declining, he returned to Scotland, 
and commenced business on his own account at 
Glasgow. In 1757 he was appointed mathematical 
instrument-maker to the university of Glasgow^ 
where he resided and carried on business. 

This circumstance produced an acquaintance be- 
tween him and the celebrated Dr. Robison, then a 
student in Glasgow, who directed Watt's attention 
to the steam-engine. In his first experiments he 
used steam of a high pressure ; but found it attended 
with so much danger of bursting the boiler, and 
difficulty of keeping the joints tight, and other objec- 
tions, that he relinquished the inquiry at that time. 

(46.) In the winter of 1763, Watt was employed 
to repair the model of an atmospheric engine, be- 
longing to the natural philosophy class in the univer- 
sity — a circumstance which again turned his attention 
to the subject of the steam-engine. He found the 
consumption of steam in working this model so great, 
that he inferred'that the quantity wasted must have 
had a very large proportion to that used in working 
the piston. His first conclusion was, that the material 
of the cylinder (brass) was too good a conductor of 
heat, and that much was thereby lost. He made 
some experiments, accordingly, with wooden cylin- 
ders, soaked in linseed oil, which, however, he soon 
laid aside. Further consideration convinced him 
that a prodigious waste of steam was essential to the 
very principle of the atmospheric engine. This will 
be easily understood. 

E 
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When the steam has filled the cylinder so as to 
balance the atmospheric pressure on the piston^ the 
cylinder must have the same temperature as the 
steam itself. Now, on introducing the condensing 
jet, the steam mixed with this water forms a mass 
of hot water in the. bottom of the cylinder. This 
water, not being under the atmospheric pressure, 
boils at very low temperatures, and produces a vapour 
which resists the descent of the piston. 

The heat of the cylinder itself assists this process; 
so that in order to produce a tolerably perfect 
vacuum, it was found necessary to introduce a 
quantity of condensing water, sufficient to reduce 
the temperature of the water in the cylinder lower 
than 100*^, and consequently to cool the cylinder 
itself to that temperature. Under these circum- 
stances, the descent of the piston was found to suffer 
very little resistance from any vapour within the 
cylinder: but then on the subsequent ascent, an im- 
mense waste of steam ensued ; for the steam, on 
being admitted under the piston, was immediately 
condensed by the cold cylinder and water of con- 
densation, and this continued until the cylinder 
became again heated up to 212°, to which point the 
whole cylinder should be heated before the ascent 
could be completed. Here, then, was an obvious 
and an extensive cause of the waste of heat. At 
every descent of the piston, the cylinder should be 
cooled below 100°; and at every ascent it should 
be again heated to 212°. It, therefore, became a 
question whether the force gained by the increased 
perfection of the vacuum was adequate to the waste 
of fuel in producing the vacuum; and it was founds 
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on the whole, more profitable not to cool the cylin- 
der to so low a temperature, and consequently to 
work with a very imperfect vacuum, and a diminished 
power. 

Watt, therefore, found the engine involved in this 
dilemma: either much or little condensation-water 
must be used. If much were used, the vacuum 
would be perfect; but then the cylinder would be 
cooled, and would entail an extensive waste of fuel 
in heating it. If little were used, a vapour would 
remain, which would resist the descent of the piston, 
and rob the atmosphere of a part of its power. The 
great problem then pressed itself on his attention, 
to condense the steam without cooling the cylinder. 

From the small quantity of water in the form of 
steam which filled the cylinder, and the large quan- 
tity of injected water to which this communicated 
heat. Watt was led to inquire what proportion the 
bulk of water in the liquid state bore to its bulk in 
the vaporous state; and also what proportion sub- 
sisted between the heat which it contained in these 
two states. He found by experiment that a cubic 
inch of water formed about a cubic foot of steam; 
and that the cubic foot of steam contained as much 
heat as would raise a cubic inch of water to about 
1000°. (15.) This gave him some surprise, as the 
thermometer indicated the same temperature, 212^, 
for both the steam and the water from which it was 
raised. What then became of all the additional heat 
which was contained in the steam, and not indicated 
by the thermometer? Watt concluded that this 
heat must be in some way engaged in maintaining 
the water in its new form. 

E 2 
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Struck with the singularity of this circumstance, 
he communicated it to Dr. Black, who then explained 
to Watt his doctrine of latent heat, which he had 
been teaching for a short time before that, but of 
which Watt had not previously heard; and thus, 
says Watt, *' I stumbled upon one of the material 
facts on which that theory is founded." 

(47-) Watt now gave his whole mind to the dis^ 
covery of a method of *< condensing the steam without 
cooling the cylinder." The idea occurred to him 
of providing a vessel separate from the cylinder, in 
which a constant vacuum might be sustained. If a 
communication could be opened between the cylin- 
der and this vessel, the steam, by its expansive 
property, would rush from the cylinder to this vessel, 
where, being exposed to cold, it would be imme- 
diately condensed, the cylinder meanwhile being 
sustained at the temperature of 212°. 

This happy conception formed the first step d 
that brilliant career which has immortalized the 
name of Watt, and which has spread his fame to the 
very skirts of civilization. He states, that the moment 
the notion of << separate condensation** struck him, 
all the other details of his improved engine followed 
in rapid and immediate succession, so that in the 
course of a day his invention was so complete that 
he proceeded to submit it to experiment. 

His first notion was, as we have stated, to provide 
a separate vessel, called a condenser, having a pipe 
or tube communicating with the cylinder. This 
condenser he proposed to keep cold by being im- 
mersed in a cistern of cold water, and by providing 
a jet of cold water to play within it. When the 



JAMBS WATT. 77» 

communication with the cylinder is openedi the 
steamy rushing into the condenser, is immediately 
condensed by the jet and the cold surface. But here 
a difficulty presented itself, viz. how to dispose of 
the condensing water, and condensed steam, which 
would collect in the bottom of the condenser. But 
besides this, a quantity of air or permanent uncon- 
densible gas would collect from various sources. 
Water in its ordinary state always holds more or 
less air in combination with it : tJie air thus com- 
bined with the water in the boiler passes through the 
tubes and cylinder with the steam, and would collect 
in the condenser. Air also would enter in combin- 
ation with the condensing water, which would be 
set free by the heat it would receive from admixture 
with the steam. The air proceeding from these 
sources would, as M^att foresaw, accumulate in the 
condenser, even though the water might be with- 
drawn from it, and would at length resist the descent 
of the piston. To remedy this he proposed to form 
a communicaiian between the bottom of the condenser 
and a pump which he ccUled the air pump, so that 
the water and air which might be collected in the 
condenser would be drawn off; and it was easy to 
see how this pump could be worked by the machine 
itself. This constituted the second great step in the 
invention. 

To make it air-tight in the cylinder, it had been 
found necessary to keep a quantity of water supplied 
above the piston. In the present case, any of this 
water which might escape through the piston, or 
between it and the cylinder, would boil, the cylinder 
being kept at 212^; and would thus, by the steam 
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it would produce^ vitiate the vacuum. To aycMd 
this incoDvemence> Watt proposed to lubricate the 
piston, and keep it air-tight, by employing melted 
wax and tallow* 

Another inconvenience was still to be removed. 
On the descent of the piston, the air which must 
then enter the cylinder would lower its temperature; 
so that upon the next ascent, some of the steam 
which would enter it would be condensed, and hence 
would arise a source of waste. To remove Has 
.difficulty. Watt proposed to close the top of the 
cylinder altogether by an air-tight and steam-tight 
cover, allowing the piston-rod to play thi*ough a 
hole furnished with a stuffing-box, and to press doum 
the piston by steam instead of the atmosphere. 

This was the third step in thb great invention, 
and one which totally changed the character of the 
machine. It now became really a steam-enffine in 
every sense; for the pressure above the piston was 
the elastic force of steam, and the vacuum below it 
was produced by the condensation of steam; so that 
steam was used both directly and indirectly as a 
moving power; whereas, in the atmospheric engine, 
the indirect force of steam only was used, being 
adopted merely as an easy method of producing a 
vacuum. 

The last difficulty respecting the economy of heat 
which remained to be removed, was the circumstance 
of the cylinder being liable to be cooled on the 
external surface by the atmosphere. To obviate 
this, he first proposed casing the cylinder in wood, 
that being a substance which conducted heat slowly. 
He subsequently, however, adopted a different me- 
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thod, and inclosed one cylinder within another, 
leaving a space between them, which he kept con- 
stantly supplied with steam. Thus the inner cylinder 
was kept continually at the temperature of the steam 
which surrounded it. The outer cylinder was called 

(48.) Watt computed that in the atmospheric 
engine three times as much heat was wasted in 
heating the cylinder, &c. as was spent in useful 
effect. And, as by the improvements proposed by 
him nearly all this waste was removed, he contem- 
plated, and afterwards actually effected, a saving of 
three fourths of the fuel. 

The honour due to Watt for his discoveries is 
enhanced by the difficulties under which he laboured 
from contracted circumstances at the time he made 
them. He relates, that when he was endeavouring 
to determine the heat consumed in the production 
of steam, his means did not permit him to use an 
efficient and proper apparatus, which would have 
been attended with expense; and it was by expe- 
riments made with apothecaries' phials, that he 
discovered the property already mentioned, which 
was one of the facts on which the doctrine of latent 
heat was founded. 

A large share of the merit of Watt's discoveries 
has, by some writers, been attributed to Dr. Black, 
to whose instructions on the subject of latent heat 
it is said that Watt owed the knowledge of those 
facts which led to his improvements. Such, how- 

* It is a remarkable circumstance, that Watt used the same 
means for keeping the cylinder hot as Kewcom.en used in his 
earlier engines to cool it. (38.) 

E 4 



80 THE STEAM ENGINIB. 

« 

ever, was not the case ; and the mistake arose chiefly 
.from some passages respecting Watt in the works of 
Dr. Robison, in one of which he states that Watt 
had been & pupil and intimate friend of Dr. Black; 
and that he attended two courses of his lectures at 
college in Glasgow. Such, however, was not the 
case ; for, " Unfortunately for me," says Watt in a 
letter to Dn Brewster, " the necessary avocations 
of my business prevented me from attending his or 
any other lectures at college. In further noticing 
Dr. Black*s opinion, that his fortunate observation 
of what happens in the formation and condensation 
of elastic vapour ' has contributed in no inconsider- 
able degree to the public good, by suggesting to my 
friend Mr. Watt of Birmingham, then of Glasgow, 
his improvements on the steam-engine,' it is very 
painful for me to controvert any opinion or assertion 
of my revered friend; yet, in the present case, I 
find it necessary to say, that he appears to me to 
have fallen into an error. These improvements pro- 
ceeded upon the established fact, that steam was 
condensed by the contact of cold bodies, and the 
later known oiie, that water boiled at heats below 
100^9 and consequently th&fc a vacuum could not 
be obtained unless the cylinder and its contents 
were cooled every stroke below that heat 
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watt's single-acting steam engine. 



zxpAvsiTx nnrcxpLx AnuxD. — failukx or %oxbvck, awb 

PAKTVSXSRir WITH BOLTOK. — PATENT XXTXMDBD TO 1800. 
»• COUKTZA. — DIFFICULTIES IK GETTIirG THS nrGIKXS nCTO 
U8X. 

(49.) The first machine in which Watt realized 
the conceptions which we mentioned in the last 
chapter, is that which was afterwards called his 
Single-<3U^ng Steam^Engine* We shall now describe 
the working apparatus in this machine. 

The cylinder is represented at c (fig. 12.) — in 
which the piston p moves steam-tight It is closed 
at the top, and the piston rod being very accurately 
turned, runs in a steam-tight collar b furnished with 
a stuffing-box, and constantly supplied with melted 
tallow or wax. Through a funnel in the top of the 
cylinder, melted grease flows upon the piston so as 
to maintain it steam-tight. Two boxes a a, contain- 
ing the valves for admitting and withdrawing the 
steam, connected by a tube of communication t, are 
attached to the cylinder ; the action of these valves 
will be presently described. Below the cylinder, 
placed in a cistern of cold water, is a close cylin- 
drical vessel D, called the condenser, communicating 
with the cylinder by a tube t', leading to the lower 
valve-box k. In the side of thb condenser is in- 
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Berted a tube, the inner end of which is pierced with 
holes like the rose of a watering-pot ; and a cock e 
in the cold cistern is placed on the outside, through 
which, when open, the water passing, rises in a jet 
on the inside. 

The tube s, which conducts steam from the boiler, 
enters the top of the upper valve-box at f. Imme- 
diately under it b placed a valve o, which is opened 
and closed by a lever or rod o'. This valve, when 
open, admits steam to the top of the piston, and 
also to the tube t, which communicates between 
the two valve-boxes, and when closed suspends the 
admission of steam. There are two valves in the 
lower box, one h in the top worked by the lever h', 
and one i in the bottom worked by the lever i'. 
The valve h, when open, admits steam to pass from 
the cylinder ctbove the piston, by the tube t, to the 
cylinder helaw the piston, the valve i being supposed 
in this case to be closed. This valve i, when open 
(the valve h being closed), admits steam to pass 
from below the cylinder through t' to the conden- 
ser. This steam, eYitering the condenser, meets the 
jet, admitted to play by the valve e, and is con- 
densed. 

The valve g is called the upper steam-valve; h, 
lower steam-valve ; i, the exhausting valve ; and e, 
the condensing valve. Let us now consider how 
these valves must be worked in order to produce 
the alternate ascent and descent of the piston. 

It is in the first place necessary that all the air 
which fills the cylinder, tubes, and condenser, should 
be expelled. To accomplish this, it is only neces- 
sary to open at once the valves g, h, and i. The 
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steam then rushing from f through the valve o will 

pass into the upper part of the cylinder, and through 

the tube x and the valve h into the lower part, and 

also through the valve i into the condenser. After 

the steam ceases to be condensed by the cold of the 

apparatus, it will rush out mixed with air through 

the valve m, which opens outwards ; and thb will 

continue until all the air has been expelled, and the 

apparatus filled with pure steam. Then suppose all 

the valves again closed. The cylinder both above 

and below the piston is filled with steam ; and the 

steam which filled the condenser being cooled by the 

the cold surface, a vacuum has been produced in 

that vessel. 

The apparatus being in this state, let the upper 
steam valve o, the exhausting valve i, and the con- 
densing valve E be opened. Steam will thus be ad- 
mitted through g to press on the top of the piston ; 
and this steam will be prevented from circulating to 
the lower part of the cylinder by the lower steam- 
valve H being closed. Also the steam which filled 
the cylinder below the piston rushes through the 
open exhausting valve i to the condenser, where it 
meets the jet allowed to play by the open condensing 
valve E. It it thus instantly condensed, and a va- 
cuum is left in the cylinder below the piston. Into 
this vacuum the piston is pressed without resistance 
by the steam which is admitted through g. When 
the piston has thus been forced to the bottom of the 
cylinder, let the three valves g, i, and e, which were 
before opened, be closed, and let the lower steam- 
valve H be opened. The effects of this change are 
easily perceived. By closing the upper steam- valve 
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G, the fiirther admission of steam to the apparatus 
is stopped. &7 closing the exhausting valve i, all 
transmission of steam from the cylinder to the con- 
denser is stopped. Thus the steam which is in the 
cylinder, valve-boxes, and tubes is shut up in them, 
and no more admitted, nor any allowed to escape. 
By closing the condensing valve s, the play of the 
jet in the condenser is suspended. 

Previously to opening the valve h, the steam con- 
tained in the apparatus was confined to the part of 
the cylinder above the piston and the tube t and 
valve-box a. But on opening this valve, the steam 
is allowed to circulate above and below the piston ; 
and in fact through every part included between 
the upper steam valve g, and the exhausting valve i. 
The same steam circulating on both sides, the pis- 
ton is thus equally pressed upwards and downwards. 

In this case there is no force tending to retain the 
piston at the bottom of the cylinder except its own 
weight. Its ascent is produced in the same manner 
as the ascent of the piston in the atmospheric engine. 
The piston-rod is connected by chains g to the arch- 
head of the beam, and the weight of the pump-rod 
R, or any other counterpoise acting on the chains 
suspended from the other arch-head, draws the pis- 
ton to the top of the cylinder. 

When the piston has arrived at the top of the 
cylinder, suppose the three valves g, i, and e to be 
again opened, and k closed. Steam passes from 
the steam-pipe f through the upper steam-valve g 
\o the top of the piston, and at the same time the 
steam which filled the cylinder below the piston is 
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drawn off through the open elhausting valve i into 
the condenser^ where it is condensed by the jetallowed 
to play by the open condensing valve e. The pres- 
sure of the steam above the piston then forces it 
without resistance into the vacuum below it, and 
so the process is continued. 

It should be remembered, that of the four valves 
necessary to work the piston, three are to be opened 
the moment the piston reaches the top of the cylin- 
der, and the fourth is to be closed ; and on the pis- 
ton arriving at the bottom of the cylinder, these 
three are to be closed and the fourth opened. The 
three valves which are thus opened and closed 
together are the upper steam- valve, the exhausting- 
valve, and the condensing- valve. The lower steam- 
valve is to be opened at the same instant that these 
are closed, and tfice versa. The manner of working 
these valves we shall describe hereafter. 

The process which has just been described, 
if continued for any considerable number of reci- 
procations of the piston, would be attended with 
two very obvious effects which would obstruct and 
finally destroy the action of the machine. First, the 
condensing water and condensed steam would col- 
lect in the condenser d, and fill it ; and secondly, the 
water in the cistern in which the condenser is placed 
would gradually become heated, until at last it would 
not be cold enough to condense the steam when in- 
troduced in the jet Besides this, it will be recol- 
lected that water boils in a vacuum at a very low 
temperature (17); and, therefore, the hot water 
collected in the bottom of the condenser would pro- 
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duce steam which, rising into the cylinder through 
the exhausting valve, would resbt the descent of the 
piston, and counteract the effects of the steam above 
it A further disadvantage arises from the air or 
other permanently elastic fluid which enters in com- 
bination with the water, both in the boiler and con- 
densing jet, and which is disengaged by its own 
elasticity. 

To remove these difficulties, a pump is placed 
near the condenser communicating with it by a 
valve M, which opens from the condenser into the 
pump. In this pump is placed a piston which 
moves air-tight, and in which there is a valve n, 
which opens upwards. Now suppose the piston at 
the bottom of the pump. As it rises, since the 
valve in it opens upwards^ no air can pass doum 
through it, and consequently it leaves a vacuum 
below it The water and any air which may be col- 
lected in the condenser open the valve m, and pass 
into the lower part of the pump, from which they 
cannot return in consequence of the valve m open- 
ing otUwards. On the descent of the pump-piston, 
the fluids which occupy the lower part of the pump, 
force open the piston- valve n ; and passing through 
it, get (dfove the piston, from which their return is 
prevented by the valve n. In the next ascent, the 
piston lifts these fluids to the top of the pump, 
whence they are discharged through a conduit into 
a small cistern b by a valve k which opens outwards. 
The water which is thus collected in b is heated by 
the condensed steam, and is reserved in b, which is 
called the hot well for feeding the boiler, which is 
effected by means which we shall presently exjUain. 
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The pump which draws off the hot water and air 
from the condenser is called the air-pump, 

(SO.) We have not yet explained the manner in 
which the valves and the air-pump piston are 
worked. The rod q of the latter is connected with 
the working beam, and the pump is therefore 
wrought by the engine itself. It is not very mate* 
rial to which arm of the beam it is attached. If it 
he on the same side of the centre of the beam with 
the cylinder, it rises and falls with the steam-piston; 
but if it be on the opposite side, the pump-piston 
rises when the steam-piston falls, and vice versd. 
In the single-engine there are some advantages in 
in the latter arrangement. As the steam-piston 
descends, the steam rushes into the condenser, and 
the jet is playing; and this, therefore, is the most 
favourable time for drawing out the water and con- 
densed steam from the condenser by the ascent of 
the pump-piston, since by this means the descent of 
the steam-piston is assisted; an effect which would 
not be produced if the steam-piston and pump- 
piston descended together. 

With respect to the method of opening and clos- 
ing the valves, it is evident that the three valves 
which are simultaneously opened and closed may 
be so connected as to be worked by the same lever. 
This lever may be struck by a pin fixed upon the 
rod Q of the air-pump, so that when the pistons 
have arrived at the top of the cylinders the pin 
strikes the lever and opens the three valves. A 
catch or detent is provided for keeping them open 
during the descent of the piston, from which they 
are disengaged in a similar manner on the arrival of 
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the piston at the bottom of the cylinder, and they 
close by their own weight 

In exactly the same way the lower steam-valve is 
opened on the arrival of the piston at the bottom of 
the cylinder, and closed on its arrival at the top by 
the action of a pin placed on the piston-rod of the 
ur-pump. 

(51.) Soon after the invention of these engines, 
Watt found that in some instances inconvenience 
arose from the too rapid motion of the steam-pbton 
at the end of its stroke, owing to its being moved 
with an accelerated motion. This was owing to the 
uniform action of the steam-pressure upon it : for 
upon first putting it in motion at the top of the 
cylinder, the motion was comparatively slow ; but 
from the continuance of the same pressure the velo- 
city with which the piston descended was conti- 
nually increasing, until it reached the bottom of 
the cylinder, where it acquired its greatest velocity. 
To prevent this, and to render the descent as nearly 
as possible uniform, it was proposed to cut off the 
steam before the descent was completed, so that the 
remainder might be effected merely by the expan- 
sion of the steam which was admitted to the cylinder. 
To accomplish this, he contrived, by means of a pin 
on the rod of the air-pump, to close the upper steam- 
valve when the steam-piston had completed one- 
third of its entire descent, and to keep it closed 
during the remainder of the descent, and until the 
piston again reached the top of the cylinder. By 
this arrangement the steam pressed the piston with 
its full force through one-third of the descent, and 
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tHus put it into motion; during the other two thirds 
the steam thus admitted acted merely by its expan- 
live force, which became less in exactly the same 
proportion as the space given to it by the descent 
of the piston increased. Thus, during the last 
two thirds of the descent the piston is urged by a 
gradually decreasing force> which in practice was 
found just sufficient to sustain in the piston a uni- 
form velocity. 

(52.) We have already mentioned the difficulty 
arising from the water in the cistern, in which the 
condenser and air-pump are placed, becoming 
heated, and the condensation therefore being im- 
perfect. To prevent this, a waste-pipe is placed in 
this cistern, from which the water is continually 
discharged, and a pump l (called the cold water 
pump) is worked by the engine itself, which raises 
a supply of cold water and sends it through a pipe 
in a constant stream into the cold cistern. The 
waste-pipe, through which the water flows from the 
cistern, is placed near the top of it, since the heated 
water, being lighter than the cold, remains on the 
top. Thus the heated water is continually flowing 
ofi*, and a constant stream of cold water supplied. 
The piston-rod of the cold water pump is attached 
to the beam (by which it is worked), usually on the 
opposite side from the cylinder. 

Another pump o (called the hot water pump) 
enters the hot well b ; and raising the water from it, 
forces it through a tube to the boiler for the pur- 
pose of feeding it The manner in which this is 
eflected will be more particularly described here- 
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after. A part of the heat which would otherwise be 
lost, is thus restored to the boiler to assist in the 
production of fresh steam. We may consider a por- 
tion of the heat to be in this manner circulating 
continually through the machine. It proceeds from 
the boiler in steam, works the piston, passes into 
the condenser, and is reconverted into hot water ; 
thence it is passed to the hot weU, from whence it 
is pumped back into the boiler, and is again con- 
verted into steam, and so proceeds in constant cir- 
culation. 

Prom what has been described, it appears 
that there are four pistons attached to the great 
beam and worked by the piston of the steam-cylin- 
der. On the same side of the centre with the 
cylinder is the piston-rod of the air-pump, and on 
the opposite side are the piston-rods of the hot- 
water pump and the cold-water pump ; and lastly, at 
the extremity of the beam opposite to that at which 
the steam-piston works, is the piston of the pump to 
be wrought by the engine. 

(53.) The position of these piston-rods with re- 
spect to the centre of the beam depends on the play 
necessary to be given to the piston. If the play of 
the piston be short, its rod will be attached to the 
beam near the centre; and if longer, more remote 
from the centre. The cylinder of the air-pump is 
commonly half the length of the steam-cyHnder, and 
its piston-rod is attached to the beam at the point 
exactly in the middle between the end of the beam 
and the centre. The hot- water pump not being re- 
quired to raise a considerable quantity of water, its 
piston requires but little play, and is therefore 
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"l^aced near the centre of the beam, the piston-rod 
of the cold-water pump being farther from the 
centre. 

(54.) It appears to have been about the year 
1763> that Watt made these . improvements in the 
steam-engine, and constructed a model which fully 
realized his expectations. Either from want of in- 
fluence or the fear of prejudice and opposition, he 
did not make known his discovery or attempt to 
secure it by a patent at that time. Having adopted 
the profession of a land surveyor, his business 
brought him into communication with Dr. Roebuck, 
at that time extensively engaged in nuning specula- 
tions, who possessed some command of capital, and 
was of a very enterprising disposition. By Roe- 
buck's assistance and countenance, Watt erected 
an engine of the new construction at a coal mine 
on the estate of the Duke of Hamilton, at Kin- 
neil near Burrowstoness. This engine being a kind 
of experimental one, was improved from time to 
time as circumstances suggested, imtil it reached 
considerable perfection. While it was being erected. 
Watt in conjunction with Roebuck applied for and 
obtained a patent to secure the property in the in- 
Tention. This patent was enrolled in 1769, six 
years after Watt invented the improved engine. 

Watt was now preparing to manufacture the new 
engines on an extensive scale, when his partner Roe- 
buck suffered a considerable loss by the failure of a 
mining speculation in which he had engaged, and 
became involved in embarrassments, so as to be 
unable to make the pecuniary advances necessary to 
^earry Watt's designs into execution. Again disap* 
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pointed, and harassed by the difficulties which he 
had to encounter, Watt was about to relinquish the 
^further prosecution of his plans, when Mr. Matthew 
Bolton, a gentleman who had established a factory 
at Birmingham a short time before, made proposals 
to purchase Dr. Roebuck s share in the patent, in 
which he succeeded; and in 1773, Watt entered 
into partnership with Bolton. 

Hb situation was now completely changed. Bol- 
ton was not only a man of extensive capital, but also 
of considerable personal influence, and had a dispo- 
sition which led him, from taste, to undertakings 
which were great and difficult, and which he prose- 
cuted with the most unremitting ardency and spirit. 
" Mr. Watt," says Playfair, " was studious and re- 
served, keeping aloof from the world; while Mr. 
Bolton was a man of address, delighting in society, 
active, and mixing with people of all ranks with 
great freedom, and without ceremony. Had Mr. 
Watt searched all Europe, he probably would not 
have found another person so fitted to bring his in- 
vention before the public, in a manner worthy of its 
merit and importance ; and although of most oppo- 
site habits, it fortunately so happened that no two 
men ever more cordially agreed in their intercourse 
with each other.*' 

The delay in the progress of the manuikcture of 
engines occasioned by the failure of Dr. Roebuck 
was such, that Watt found that the duration of his 
patent would probably expire before he would ev^ 
be reimbursed the necessary expenses attending the 
various arrangements for the manufacture of tlie 
engines. He therefore, with the advice and influ- 
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ence of Bolton, Roebuok, and other friends, in 
1775, applied to parliament for an extension of the 
term of his patent, which was granted for 25 years. # 
from the date of his application, so that his exclu- 
sive priyilege should expire in 1800. 

An engine was now erected at Soho (the name of 
Bolton's factory) as a specimen for the examination 
of mining speculators, and the engines were begin- 
ning to come into demand. The manner in which 
Watt chose to receive remuneration from those who 
used his engines was as remarkable for its ingenuity 
as for its fairness and liberality. He required that 
one third of the saving of coals effected by his 
engines, compared with the atmospheric engines 
hidierto used, should be paid to him, leaving the 
benefit of the other two thirds to the public. Accu- 
rate experiments were made to ascertain the saving 
of coals ; and as the amount of this saving in each 
engine depended on the length of time it was 
worked, or rather on the number of descents of the 
piston. Watt invented a very ingenious method of 
determining this. The vibrations of the great work- 
ing beam were made to communicate with a train 
of wheelwork) in the same way as those of a pendu- 
lum communicate with the work of a clock. Each 
vibration of the beam moved one tooth of a small 
wheel, and the motion was communicated to a hand 
or index, which moved on a kind of graduated plate 
like the dial plate of a clock. The position of this 
hand marked the number of vibrations of the beam. 
This apparatus, which was called the counter^ was 
locked up and secured by two different keys, one of 
which was kept by the proprietor, and the other by 
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Bolton and Watt, whose agents went round periodi- 
cally to examine the engines, when the countera 
were opened by both parties and examined, and the 
number of vibrations of the beam determined, and 
the value of the patent third found.* 

Notwithstanding the manifest superiority of these 
engines over tlie old atmospheric engines; yet such 
were the influence of prejudice and the dislike of 
what is new, that Watt found great difficulties in 
getting them into general use. The comparative 
first cost also probably operated against them ; for it 
yraa necessary that all the parts should be executed 
with great accuracy, which entailed proportionally 
increased expense. In many insfanees they felt 
themselves obliged to induce the proprietors of the 
old atmospheric engines to replace them by the n 
ones, by allowing them in exchange an exorbitant 
price for the old engines ; and in some cases they 
were induced to erect engines at their own expense, 
upon an agreement that they should only be paid if 
the engines were found to fulfil the expectations, 
and brought the advantages which they promised. 
It appeared since, that Bolton and Watt had actu- 
ally expended a sum of nearly 50,000/. on these 
engines before they began to receive any return. 
When we contemplate the immense advantages 
which the commercial interests of the country have 
gained by the improvements iu the eteam-engine, 

■ The extent of the saving in fuel may be judged TrDiii tbia : 
that for Ihrec engiaes erected al ChaCEwnler mine in Cornwall, 
it was agreed by the proprietors that they would compound fop 
the patent tliird at 2400/. per annum ; so that the whole Mviog 
must hate exceeded 7200^^ per annum. 
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we cannot but look back with disgust at the influ- 
ence of that fatal prejudice which opposes the pro- 
gress of improvement under the pretence of resisting 
innovation. It would be a problem of curious cal- 
culation to determine what would have been lost to 
the resources of this country, if chance had not 
united the genius of such a man as Watt with the 
spirit, enterprize, and capital, of such a man as Bol- 
ton I The result would reflect little credit on those 
who think novelty alone a suflicient reason for op- 
position. 
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CHAP. VI. 

DOUBLE-ACTING STEAM ENGINE* 

THK SXNOLB-ACTINa SNGXNS UNFIT TO XMPXL MACHINXRT -« 
▼ARXOUS CONTRIVANCES TO ADAPT IT TO THIS PURPOSE —«i 

DOUBLE-CYLINDER DOUBLE-ACTINQ CYLINDER VARIOUS 

MODES OP CONNECTING THE PfSTOV WITH THE BEAM — 

RACK AND SECTOR DOUBLE CHAIN PARALLEL MOTIOlf-^ 

CRANK — SUN AND PLANET MOTION FLY WHEEL— GOVERN 3R« 

In the atmospheric engine of Newcomen, and in the 
improved steam-engine of Watt, described in the 
last chapter, the action of the moving power is an 
intermitting one. While the piston descends the 
moving power is in action, but its action is sus- 
pended during the ascent. Thus the opposite or 
working end of the beam can only be applied in 
cases where a lifting power is required. This action 
is quite suitable to the purposes of pumping, which 
was the chief or only object to which the steam-en- 
gine had hitherto been applied. In a more extended 
application of the machine, this intermission of the 
moving power and its action taking place only in 
one direction would be inadmissible. To drive the 
machinery generally employed in manufactures a 
constant and uniform force is required ; and to ren- 
der the steam-engine available for this purpose, it 
would be necessary that the beam should be driven 
by the moving power as well in its ascent as in its 
descent. 

When Watt first conceived the notion of extend- 
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ing the application of the CDgine to manufactures 
generally, he proposed to accomplish this double 
action upon the beam by placing a steam cylinder 
under each end of it, so that while each piston would 
be aseending,and not impelled by the 8team,the other 
would be descending being urged downwards by the 
steam above it acting against the vacuum below. 
Thus, the power acting on each during the time when 
its action on the other would be suspended, a constant 
force would be exerted upon the beam, and the uni- 
formity of the motion would be produced by making 
both cylinders communicate with the same boiler, so 
that both pistons would be driven by steam of the 
same pressure. One condenser might also be used for 
both cylinders, so that a similar vacuum would be 
produced under each. 

This arrangement, however, was soon laid aside 
for one much more simple and obvious. This 
consisted in the production of exactly the same 
effect by a single cylinder in which steam was 
introduced alternately above and below the pis- 
ton, being at the same time withdrawn by the 
condenser at the opposite side. Thus the piston 
being at the top of the cylinder, steam is introduced 
from the boiler above it, while the steam in the 
cylinder below it is drawn off by the condenser. 
The piston, therefore, is pressed from above into the 
vacuum below, and descends to the bottom of the 
cylinder. Having arrived there, the top of the 
cylinder is cut off from all communication with the 
boiler; and, on the other hand, a communication 
is opened between it and the condenser. The steam 
which has pressed the piston down is therefore 

F 
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drawn off by the condenser, while a communication 
» opened between the boiler and the bottom of the 
cylinder, so that steam is admitted below the pis- 
ton: the piston, thus pressed from below into the 
vacuum above, ascends, and in the same way the 
alternate motion is continued. Such is the prin- 
ciple of what is called the Double-d^ng Steam 
Engine, in contradistinction to that described in the 
iJBist chapter, in which the steam acts only above 
the piston while a vacuum is produced below it 

It is evident that, in the arrangement now de- 
scribed, the condenser must be in constant action : 
while the piston is descending the condenser must 
draw off the steam below it, and while it is ascend- 
ing, it must draw off the steam above it. As steam, 
therefore, must be constantly drawn into the con- 
denser, the jet of dold water which condenses the 
steam must be kept constantly playing. This jet, 
therefore, will not be worked by the valve alternately 
opening and closing, as in the single engine, but will 
be worked by a cock, the opening of which will be 
adjusted according to the quantity of cold water 
necessary to condense the steam. When the steam 
is used at a low pressure, and, therefore, in a less 
compressed state, less condensing water would be 
necessary than when it is used at a higher pressure 
and in. a. more compressed state. In Jhe^one case, 
therefore, the condensing cock would be less open 
than in the other. Again, th^ quantity of condens- 
ing water must vary with -the 8jpee4 ^ the engine, 
because the greater the «peed ^of ^ engine, the 
more rapidly will the steam flow from tibe cylinder 
into the condenser ; and, as the same quantity of 
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steam requires the same quantity of condensing 
water, the supply of the condensing water must be 
proportional to the speed of the engine. In the 
double acting engine, then^ the jet cock is regulated 
by a lever or index which moves upon a graduated 
arch, and which is regulated by the engineer accord- 
ing to the manner in which the engine works. 

This change in the action of the steam upon the 
piston rendered it necessary to make a corresponding 
change in the mechanism by which the piston-rod 
was connected with the beam. In the single acting 
engine, the piston-rod pulled the . end of the beam 
down during the descent, and was pulled up by it 
in the ascent. The connection by which this action 
was transmitted between the beam and piston was, 
as we have seen, a flexible chain passing from the 
end of the piston and playing upon the arch head 
of the beam. Now, where the mechanical action to 
be transmitted is a pull, and not a puskf a flexible 
chain, or cord, or strap, is always sufficient ; but if a 
pttsh or thrust is required to be transmitted, then the 
flexibility of the medium of mechanical communi- 
cation afforded by a chain, renders it inapplicable. 
In the double acting engine, during the descent, the 
piston-rod still pulls the beam down, and so far a 
chain epnnecting the piston-rod with the beam 
would b^ sufficient to transmit the actfon of the one 
to the other ; but in the ascent the beam no longer 
pulls up the piston-rod, but is pushed up by it A 
chain from the piston-rod to the arch head, as de- 
scribed in the single acting engine, would fail to 
transmit this force. If such a chain were used with 
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the double engine, where there is no counter weight 
on the opposite end of the beam, the consequence 
would be, that in the ascent of the piston the chain 
would slacken, and the beam would stili remain 
depressed. It is therefore necessary that some other 
mechanical connection be contrived between the 
piston-rod and the beam, of such a nature that in 
the descent the piston-rod may ptUl the beam dotv^i, 
and may push it up in the ascent 

Watt first proposed to effect this by attaching to 
the end of the piston-rod a straight rack, faced with 
teeth, which should work in corresponding teeth 
raised on the arch head of the beam, as represented 
in fig. 13. If his improved steam engines required 
no further precision of operation and construction 
than the atmospheric engines, this might have been 
sufficient ; but in these engines it was indispensably 
necessary ^hat the piston-rod should be guided with 
a smooth and even motion through the stuffing box 
in the top of the cylinder, otherwise any shake or 
irregularity would cause it to work loose in the 
stuffing box, and either to admit the air, or to let the 
steam escape. In fact, it was necessary to turn these 
piston-rods very accurately in the lathe, so that they 
may work with sufficient precision in the cylinder. 
Under these circumstances, the motion of the rack 
and toothed arch head were inadmissible, since it 
was impossible by such means to impart to the pis- 
ton-rod that smooth and equable motion which was 
requisite. Another contrivance which occurred to 
Watt was, to attach to the top of the piston-rod a 
bar which should extend above the beam, and to use 
two chains or straps, one extending frdia the top of 
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the bar to the lower end of the arch head, and the 
other from the bottom of the bar to the upper end 
of tiie arch head. Bj such means the latter strap 
would pull the beam down when the piston would 
descend, and the former would pull the beam up 
when the piston would ascend. These contrivances, 
however, were superseded hj the celebrated mecha* 
nism, since called the ParaUd Mothuy one of the 
most ingenious mechanical combinations connected 
witii the history of the steam engine. 

It will be observed that the object was to connect 
by some inflexible means the end of the piston-rod 
with the extremity of the beam, and so to contrive 
the mechanism, that while the end of the beam would 
move alternately up and down in a circle, the end of 
the piston-rod connected with the beam should 
move exactly up and down in a straight line. If 
the end of the piston-rod were fastened upon the 
end of the beam by a pivot without any other con- 
nection, it is evident that, being moved up and 
down in the arch of a circle, it would be bent 
to the left and the right alternately, and would con- 
sequently either be broken, or would work loose in 
the stuffing box. Instead of connecting the end of 
the rod immediately with the end of the beam by a 
pivot. Watt proposed to connect them by certain 
moveable rods so arranged that, as the end of the 
beam would move up and down in the circular arch, 
the rods would so accommodate themselves to that 
motion, that the end connected with the piston-rod 
should not be disturbed from its rectilinear course. 
. To accomplish this, he conceived the notion of 
connecting Aree rods in the following manner:-— 
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A B and c D (fig. 14.), are two rods or levera 
turning on fixed pivots or centres at A and c. A 
third rod, b d, is connected with them bj pivots 
placed at their eztremitiesy b and d, and the lengths 
of the rods are so adjusted that when a b and c d 
are horizontal, b d shall be perpendicular or vertical, 
and that a b and c d shall be of equal lengths. 
Now, let a pendl be imagined to be placed at p, 
eiactly in the middle of the rod b d: if the rod ab 
be caused to move up and down like the beam of 
the steam engine in the arch represented in the 
.figure, it is clear, firom the mode of their connection, 
that the rod c d will be moved up and down in the 
other arch. Now Watt conceived that, under such 
circumstances, the pencil p would be moved up and 
down in a perpendicular straight line. 

However difficult the first conception of this 
mechanism may have been, it b easy to perceive 
why the desired effect will be produced by it. When 
the rod a b rises to the u]^per extremity of the 
arch, the point b departs a little to the right ; at the 
same time, the point d is moved a little to the left. 
Now the extremities of the rod b d being thus at 
the same time, carried slightly in opposite directions, 
tiie pencil in the middle of it will ascend directly 
upwards; the one extremity of the rod having a ten- 
dency to draw it as much to the right as the other 
has to draw it to the left In the same manner, 
when the rod a b moves to the lower extronity of 
the arch, the rod c d will be likewise moved to the 
lower extremity of its arch. The point b is thus 
transferred a little to the right, and the point o to 
the left; and« for the same reason asHbefor^ the 
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pdnt p in the middle will move neither to the right 
nor to the leift, but straight downwards.* 

Now Watt conceived that hb object would be 
attained if he could contrive to make the beam per- 
form the part of a b in fig. 14., and to connect with 
it other two rods, c d and d b, attaching the end of 
the piston to the middle of the rod d b. The practical 
a]^lication of this principle required some modifica- 
tion, but is as elegant as the notion itself is ingenious. 

The af^aratus adopted for carrying it into efi^eet 
18 represented on the arm which works the pistim 
in fig. 15* The beam, moving on its axis'c, every 
point in its aim moves in the arc of a circle of which 
G is the centre. Let b be the point which divides 
the arm a c into equal parts, a b and b c ; and let 
D E be a straight rod equal in length to c b, and 
playing on the fixed centre or pivot d. The end e 
of this rod is connected by a straight bar, e b, with 
the point b, by pivots at b and e on which the rod 
b e plays freely. If the beam be supposed to move 
alternately on its axis c, the point b will move up 
and down in a circular arc, of which c is the cen- 
tre, and at the same time the point £ will move in 
an equal circular arc round the point d as a centre. 
According to what we have just explained, the 

* In a strict nAfbematical sense, the path of the point p is a 
curve of an high order, but in the play which is given to it in 
the application used in the steam engine, it describes only a 
part of its entire locus; and this part extending equally on each 
side of a point of inflection, its radius of curvature is infinite* 
■o that, in practice, the deviation from a straight line^ when 
proper proportions are observed in the rods, and too great a play 
not given to them, is insignificant. 

F 4f 
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middle point f of the rod b e will move up and 
down in a straight line. 

Also, let a rod, a g, equal in length to b e, be 
attached to the end a of the beam by a pivot on 
which it moves freely, and let its extremity g be 
connected with e by a rod, g e, equal in length to 
A B, and playing on pivots at g and e. 

By this arrangement the joint a g being always 
parallel to b e, the three points c, a, and g will be 
in circumstances precisely similar to the points c^b^ 
and F, except that the system gag will be on a 
scale of double the magnitude of c b f : c a being 
twice c B, and a g twice b f, it is clear, then, 
that whatever course the point f may follow, the 
point g must follow a similar line*, but will move 
twice as fast. But, since the point f has been 
already shown to move up and down in a straight 
line, the point g must also move up and down in a 
straight line, but of double the length.f 

By this arrangement the pistons of both the steam 
cylinder and air-pump are worked ; the rod of the 
latter being attached to the point f^ and that of the 
former to the point g. 

* It is, in fact, the principle of the pantograph. The points 
c, r, and o evidently lie in the same straight line, since ca; 
c ▲ : : B F : AG, and the latter lines are parallel. Taking c as 
the common pole of the hci of the points f o, the radiut vector 
of the one will always be twice the corresponding radiua vector 
of the other ; and therefore these curves are similar, similarly 
placed, and parallel. Hence, by the last note, the point o 
must move in a line differing imperceptibly from a right line. 

t It is not necessary that the rods, forming the parallel 
motion, should have the proportions which we have assigned to 
them. There are various proportions which answer the pui^ 
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This beautiful contrivance, which is incontestablj 
one of the happiest mechanical inventions of Watt, 
affords an example with what facility the mind of a 
mere mechanician can perceive, as it were instinct- 
ively, a result to obtain which by strict reasoning 
would require a very complicated mathematicid 
analysis. Watt, when asked, by persons whose ad- 
miration was justly excited by this invention, to 
what process of reasoning he could trace back his 
discovery, replied that he was aware of none ; that 
the conception flashed upon his mind without pre- 
vious investigation, and so as to excite in himself 
surprise at the perfection of its action ; and that on 
looking at it for the first time, he experienced all 
that pleasurable sense of novelty which arises from 
the first contemplation of the results of the inven- 
tion of others. ' . 

This and the other inventions of Watt seem to 
have been the pure creations of his natural genius, 
very little assisted by the results of practice, and 
not at all by the light of education. Jt does hot 
even appear that he was a dexterous mechanic ; for 
he never assisted in the construction of the first 
models of his own inventions. His dwelling-house 
was two miles from the factory, to which he never 
went more than once in the week, and then did not 
stay half an hour. 

(55.) A perfect method being thus obtained of 
conveying the alternate motion of the piston to the 
working beam, the use of a counterpoise to lift the 

poae, and which will be seen by reference to practical works 
on the tteam engine. 

F 5 
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piston was discontinued, and the- beam was made 
to balance itself exactly on its centre. The next 
end to be obtained was to adapt the reciprocating 
motion of the working end of the beam to ma- 
chinery. The motion most generally useful for 
thb purpose is one of contintted rotation. The ob- 
ject, therefore, was by the altemate motion of the 
end of the beam to transmit to a shaft or axis 
a continued circular motion. In the first instance, 
Watt proposed effecting this by a crank, connected 
witii the working end of the beam by a metal con- 
nector or rod. 

Let K be the centre or axis, or shaft by which 
motion is given to the machinery, and to which ro- 
tation is to be imparted by the beam c h. On the 
axle K, suppose a lever, k i, fixed, so that when k i 
is turned round the centre k, the wheel must be 
turned wiih it. Let a connector or rod, h i, be 
attached to the points h and i, playing freely on 
pivots or joints. As the end h is moved upwards 
and downwards, the lever k i is turned round the 
centre k, so as to give a continued rotatory motion 
to the shaft which revolves on that centre. The 
difiBerent positions which the connector and lever k i 
assume in the different parts of a revolution are re- 
presented in fig. 16. 

(56») This was the first method which occurred 
to Wait for producing a continued rotatory motion 
by means of the vibrating motion of the beam, and 
is the method now universally used. A workmaiii 
however, from Mr. Watt's factory, who was aware 
of the construction of a model of this, communicated 
the method to Mr. Washborough of BiistoJf who 
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anticipated Watt in taking out a patent ; and al- 
though it was in his power to have dbputed the 
patent, yet rather than be involved in litigation, he 
gave up the point, and contrived another way of 
producing the same effect, which he called the sun 
and planet wheel, and which he used until the ex- 
piration of Washborough's patent, when the crank 
was resumed. 

The toothed wheel b (^g. 17.) is fixed on the end 
of the connector, so that it does not turn on its axis. 
The teeth of this wheel work in those of another 
wheel. A, which is the wheel to which rotation is to 
be imparted, and which is turned by the wheel b 
revolving round it, urged by the rod h i, which re- 
ceives its motion from the working-beam. The 
wheel A is called the sun- wheel, and b the planet 
wheel, from the obvious resemblance to the motion 
of these bodies. 

This contrivance, although in the m^in inferior to 
the more simple one of the crank, is not without 
some advantages; among others, it gives to the sun- 
wheel double the velocity which would be commu- 
nicated by the simple crank, for in the simple crank 
one revolution only on the axle is produced by one 
revolution of the crank, but in the sun-and-planet 
wheel two revolutions of the sun-wheel are produced 
by one of the planet-wheel ; thus a double velocity 
is obtained from the same motion of the beam. This 
will be evident from considering that when th« 
planet-wheel is in its highest position, its lowest 
tooth is engaged with the highest tooth of the sun- 
wheel.; as the planet-wheel passes from the highest 
position, its teeth drive those of the Bun*wheel b6« 

F 6 
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fore them, and ^vhen it comes into the lowest position, 
the highest tooth of the planet- wheel is engaged with 
the lowest of the sun-wheel : but then half of the 
sun-wheel has rolled off the planet- wheel, and, there- 
fore, the tooth which was engaged with it in its 
highest position, must now be distant from it by 
half the circumference of the wheel, and must there- 
fore be again in the highest position, so that while 
the planet-wheel has been carried from the top to 
the bottom, the sun-wheel has made a complete re- 
volution. A little reflection, however, on the nature 
of the motion, will render this plainer than any de- 
scription can. This advantage of giving an increased 
velocity, may be obtained also by the simple crank, 
by placing toothed wheels on its axle. Independ- 
ently of the greater expense attending the con- 
struction of the sun-and- planet wheel, its liability to 
go out of order, and the rapid wear of the teeth, and 
other objections, rendered it decidedly inferior to 
the crank, which has now entirely superseded it. 

(58») Whether the simple crank or the sun-and- 
planet wheel be used, there still remains a difficulty 
of a peculiar nature attending the continuance of 
the rotatory motion. There are two positions in 
which the engine can give no motion whatever to 
the crank. These are when the end of the beam, 
the axle of the crank, and the pivot which joins the 
connector with the crank, are in the same straight 
line. Tliifl will be easily understood. Suppose the 
beam, connector, and crank to assume the position 
represented in fig. 15. If steam urge the piston 
downwards, the point h and the connector h i will 
be drawn directly upwards. But it must be very 
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evident that in the present situation of the connector 
H I, and the lever i k, the force which draws the 
point I in the direction i k can have no effect what- 
ever in turning i k round the centre k, but will 
merely exert a pressure on the axle or pivots of the 
wheeL 

Again, suppose the crank and connector to be in 
the position h i k (fig. 16.), the piston being con- 
sequently at the bottom of the cylinder. If steam 
now press the piston upwards^ the pivot n and the 
connector h i will be pressed dovmwardsy and this 
pressure will urge the crank i k in the direction 
I K. It is evident that such a force cannot turn the 
crank round the centre k, and can be attended with 
no other effect than a pressure on the axle or pivots 
of the wheel 

Hence in these two positions, the engine can have 
no effect whatever in turning the crank. What, then, 
it may be asked, extricates the machine from this 
mechanical dilemma in. which it is placed twice in 
every revolution, on arriving at those positions in 
which the crank escapes the influence of the power? 
There is a tendency in bodies, when once put in mo- 
tion, to continue that motion until stopped by some 
opposing force, and this tendency carries the crank 
out of those two critical situations. The velocity 
which is given to it, while it is under the influence 
of the impelling force of the beam, is retained in a 
sufficient degree to carry it through that situation in 
(vhich it is deserted by this impelling force. Al- 
though the rotatory motion intended to be produced 
by the crank is, therefore, not absolutely destroyed 
b^ this circumstance, yet it is rendered extremely 
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irregular, since, in passing through the two positions 
already described, where the machine loses its power 
over the crank, the motion will be very slow, and, 
in the positions of the crank most remote from these, 
where the power of the beam upon it is greatest, the 
motion will be very quick. As the crank revolves 
from each of those positions where the power of the 
machine over it is greatest, to where that power is 
altogether lost, it is continually diminished, so that, 
in fact the crank is driven by a varying power, and 
therefore produces a varying motion. This will be 
easily understood by considering the successive posi- 
tions of the crank and connector represented in fig. 16. 

This variable motion becomes particularly objec- 
tionable when the engine is employed to drive ma- 
chinery. To remove this defect, we have recourse 
to the property of bodies just mentioned, viz. their 
tendency to retain a motion which is communicated 
to them. A large metal wheel called a fly-wheel is 
placed upon the axis of the crank (fig. 15.), and is 
turned by it. The effect of this wheel is to equalise 
the motion communicated by the action of the beam 
on the crank, that action being just sufficient to sus- 
tain in the fly-wheel an uniform velocity, and the 
tendency of this wheel to retain the velocity it re- 
ceives, renders its rotation sufficiently uniform for 
all practical purposes. 

This uniformity of motion, however, will only be 
preserved on two conditions \ firsts that the supply of 
steam from the boiler shall be uniform; and secondly, 
that the machine have always the same resistance to 
overcome or be loaded equally. If the supply of 
«team from the boiler to the cylinder be increased, 
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the motion of the piston will be rendered more rapid, 
and, therefore, the revolution of the fly-wheel will 
also be more rapid, and, on the other hand, a dimin- 
ished supply of steam will retard the fly-wheeL 
Again, if the resistance or load upon the engine be 
diminished, the supply of steam remaining the same, 
the velocity wiU be increased, since a less resistance 
is opposed to the energy of the moving power ; and, 
on the other hand, if the resistance or load be in- 
creased, the speed will be diminished, since a greater 
resistance will be opposed to the same moving power. 
To ensure a uniform velocity, in whatever manner 
the load or resistance may be changed, it is neces- 
sary to proportion the supply of steam to the resist- 
ance, so that, upon the least variation in the velocity, 
the supply of steam will be increased or diminished, 
so as to keep the engine going at the same rate. 

(59.) One of the most striking and elegant appen- 
dages of the steam engine is the apparatus contrived 
by Watt for effecting this purpose. An apparatus, 
called a reguUUor or governor^ had been long known 
to mill-wrights for rendering uniform the action of 
the stones in com mills, and was used generally in ma- 
chinery. Mr. Watt contrived a beautiful application 
of this apparatus for the regulation of the steam 
engine. In the pipe which conducts steam from the 
boiler to the cylinder he placed a thin circular plate, 
so that when placed with its face presented towards 
the length of the pipe, it nearly stopped it, and 
allowed little or no steam to pass to the cylinder, 
but when its edge was placed in the direction of the 
pipe, it offered no resistance whatever to the passage 
of the steam. This circular plate, called the throttle 
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Talve, was made to turn on a diameter as an axis, 
passing consequently through the centre of the tube, 
and was worked by a' lever outside the tube. Ac- 
cording to the position given to it, it would permit 
more or less steam to pass. If the valve be placed 
with its edge nearly in the direction of the tube, the 
supply of steam is abundant ; if it be placed witli 
its face nearly in the direction of the tube, the sup- 
ply of steam is more limited, and it appears that, by 
the position given to this valve, the steam may be 
measured in any quantity to the cylinder. 

At first it was proposed that the engine-man 
should adjust this valve with his hand ; when the 
engine was observed to increase its speed too much, 
he would check the supply of steam by partially 
closing the valve ; but if, on the other hand, the mo- 
tion was too slow, he would open the valve and let 
in a more abundant supply of steam. Watt, how- 
ever, was not content with this, and desired to make 
the engine itself discharge this task with more stea- 
diness and regularity than any attendant could, and 
for this purpose he applied the governor already 
alluded to. 

This apparatus is represented in fig. 15. ; L is a 
•perpendicular shaft or axle to which a wheel, m, with 
a groove is attached. A strap or rope, which is 
rolled upon the axle of the fly-wheel, is passed round 
the groove in the wheel m, in the same manner as 
the strap acts in a turning lathe. By means of this 
strap the rotation of the fly-wheel will produce a 
rotation of the wheel m and the shaft l, and the 
speed of the one will always increase or diminish in 
the same proportion as the speed of the other, n^n are 
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two heavy balls of metal placed at the ends of rods^ 
which play on an axis fixed on the revolving shaft 
at 0, and extend beyond the axis to q, q. Connected 
with these by joints at q q are two other rods, q b. 
which are attached to a broad ring of metal, moving 
freely up and down the revolving shaft. This ring 
b attached to a lever whose centre is s> and is con- 
nected by a series of levers with the throttle-valve 
T. When the speed of the fly-wheel is much in- 
creased, the spindle l is whirled round with con- 
siderable rapidity, and by their natural tendency * 
the balls n n fly from the centre. The levers which 
play on the axis o, by this motion, diverge from each 
other, and thereby depress the joints Q Q, and draw 
down the joints R, and with them the ring of metal 
which slides upon the spindle. By these means the 
end of the lever playing on s is depressed, and the 
end V raised, and the motion is transmitted to the 
throttle-valve, which is thereby partially closed, and 
the supply of steam to the cylinder checked. If, 
on the contrary, the velocity of the fly-wheel be di- 
mished, the balls will fall towards the axis, and the 
opposite effects ensuing, the supply of steam ivill be 
increased, and the velocity restored. 

The peculiar beauty of this apparatus is, that in 
whatever position the balls settle themselves, the 
velocity with which the governor revolves must be 
the samef , and in this, in fact, consists its whole 
efficacy as a regulator. Its regulating power is 
limited, and it is only small changes of velocity that 

• The centrifugal fbrce. 

f Strictly speaking, this is only true when the divergence of 
the rods from the spindle is not very great, and; in practicei 
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it will correct. It is evident that such a velocity tm, 
on the one hand, would cause the balls to fly to 
the extremity of their play, or, on the other, ^ would 
cause them to fiUl down on their rests, would not 
be influenced by the governor. 

We have thus described the principal parts of the 
double-acting steam-engine. The valves and the 
methods of working them have been reserved for the 
next chapter, as they admit of considerable variety, 
and will be better treated of separately. We have 
also reserved the c(»isideration of the boiler, which 
is far from being the least interesting part of the 
modem steam engine, for a future chapter. 

this divergence is never sufficient to render the above assertion 
untrue. This property of the conical pendulum arises from 
the circumstance of the centriftigal force, in this instance, vary- 
ing as the radius of the circle in which the balb are moved; 
and when this is the case, as is well known, the periodic Hme 
is constant. The time of one revolution of the baUs Is equal 
to twice the time in which either ball, as a common pendulum, 
would vibrate on the centre, and as all its vibrations, though 
the arcs be unequal, are equal in time, provided those arcs be 
small,so also is the periodic time of the revolving ball invariable. 
These observations, however, only apply when the balls settle 
themselves steadily into a circular motion ; for while they are 
ascending they describe a spiral curve with double curvature, 
and the period will vary. This takes place during the moment 
ary changes in the velocity of the engiaei 
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CHAP. VII. 

DOUBLE-ACTING STEAM ENGINE 
{continued). 



ON THK TALVXS OF THB DOUBLB-ACTINO STBAX XVGIKK. -* 

OUQINAL YALTBS. SPINDLE VALVES. — SLXOINO VALVE. — 

S VALVE* FOUB-WAY COCK. 



(6(X) The various improvements described in the 
last chapter were secured to Watt by patent in the 
year 1782. The engine now acquired an enlarged 
sphere of action ; for its dominion over manufactured 
was decided by the fly-wheely cranky and ffovemor. 
By means of these appendages, its motions were re- 
gulated with the most delicate precision; so that 
while it retained a power whose magnitude was 
almost unlimited, that power was under as exact re- 
gulation as the motion of a time-piece. There is no 
species of manufacture, therefore, to which this ma- 
chine is not applicable, from the power which spins 
the finest thread, or produces the most delicate web, 
to that which is necessary to elevate the most enor- 
mous weights, or overcome the most unlimited re- 
sistances. Although it be true, that in later times 
the steam engine has receiveel many improvements, 
some of which are very creditable to the invention 
and talents of their projectors, yet it is undeni- 
able that all its great and leading perfectionSi all 
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iliose qualities by which it has produced such won- 
derful effects on the resources of these countries by 
the extension of manufactures and commerce, — 
those qualities by which its influence is felt and ac • 
knowledged in every part of the civilised globe, in 
increasing the happiness, in multiplying the enjoy- 
ments, and cheapening the pleasures of life, — that 
these qualities are due to the predominating powers 
of one man, and that man one who possessed neither 
the influence of wealth, rank, nor education, to give 
that first impetus which is so often necessary to 
carry into circulation the earlier productions of 
genius. 

The method of working the valves of the double- 
acting steam engine is a subject which has much 
exercised the ingenuity of engineers, and many ele- 
gant contrivances have been suggested, some of 
which we shall now proceed to describe. But even 
in this the invention of Watt has anticipated his suc- 
cessors ; and the contrivances suggested by him are 
those which are now almost universally used. 

In order perfectly to comprehend the action of 
the several systems of valves which we are about to 
describe, it will be necessary distinctly to remember 
the manner in which the steam is to be communi- 
cated to the cylinder, and withdrawn from it. When 
the piston is at the top of the cylinder, the steam 
below it is to be drawn off to the condenser, and the 
steam from the boiler is to be admitted above it. 
Again, when it has arrived at the bottom of the cy- 
linder, the steam above is to be drawn off to the 
condenser, and the steam from the boiler is to be 
admitted below it. 
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In the earlier engines constructed by Watt, this 
was accomplished by four valves, which were opened 
and closed in pairs. Valve boxes were placed at the 
top and bottom of the cylinder, each of which com- 
municated by tubes both with the steam-pipe from 
the boiler and the condenser. Each valve-box ac- 
cordingly contained two valves^ one to admit steam 
from the steam«-pipe to the cylinder, and the other 
to allow that steam to pass into the condenser. 
Thus each valve-box contained a steam valve and an 
exhausting valve. The valves at the top of the cy- 
linder are called the upper steam valve and the 
upper exhausting valve, and those at the bottoin» 
the lower steam valve and the tower exhausting valve. 
In fig. 1 5. a' is the upper steam valve, which, when 
open, admits steam above the piston ; b' is the upper 
exhausting valve, which, when open, draws off the 
steam from the piston to the condenser, o^ is the 
lower steam valve, which admits steam below the 
piston ; and d^ the lower exhausting valve, which 
draws off the steam from below the piston to the 
condenser. 

Now, suppose the piston to be at the top of the 
cylinder, the cylinder below it being filled with 
steam, which has just pressed it up. Let the upper 
steam valve a% and the lower exhausting valve !>' 
be opened, and the other two valves closed. The 
steam which fills the cylinder below the piston will 
immediately pass through the valve d' into the con- 
denser, and a vacuum will be produced below the 
piston. At the same time, steam is admitted from 
the steam-pipe through the valve a' above the pis- 
ton, and its pressure will force the piston to the bot- 
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torn of the cylinder. On the arrival of the piston 
at the bottom of the cylinder, the upper steam valve 
A% and lower exhausting valve d% are closed ; and 
the lower steam valve c% and upper exhausting 
valve b' are opened. The steam which. fiUs the 
cylinder above the piston now passes off through b' 
into the condenser, and leaves a vacuum above the 
piston. At the same time, steam from the boiler is 
admitted through the lower steam valve c\ below 
the piston, so that it will press the piston to Uie top 
of the cylinder ; and so the process is continued. 

It appears, therefore, that the upper steam valve, 
and the lower exhausting valve, must be opened to- 
gether, on the arrival of the piston at the top of the 
cylinder. To effect this, one lever, e', is made to 
communicate by jointed rods with both these valves, 
and this lever is moved by a pin placed on the pis- 
ton-rod of the air-pump ; and such a position may 
be given to this pin as to produce the desired effect 
exactly at the proper moment of time. In like 
manner, another lever, f', communicates by jointed 
rods with the upper exhausting valve and lower 
steam valve, so as to open them and close them to- 
gether ; and this lever, in like manner, is worked by 
a pin on the piston-rod of the air-pump. 

(61.) This method of connecting the valves, and 
working them, has been superseded by andlie)r, for 
which Mr. Murray of Leeds obtained a patent, 
which was, however, set aside by Messrs. Bolton and 
Watt, who showed that they had previously prac- 
tised it. This method is represented in figs. 18, 19. 
The stems of the valves are perpendicular, and move 
in steam-tight sockets in the top of the valve-boxeo. 
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The stem of the upper steam valve a is a tube 
through which the stem of the upper exhausting 
valve B passes, and in which it moves steam-tight ; 
both these stems moving steam-tight through 
the top of the valve-box. The lower steam valve c, 
and exhausting valve n, are similarly circumstanced ; 
the stem of the former being a tube through which 
the stem of the latter passes. The stems of the up 
per steam valve and lower exhausting valve are then 
connected by a rod, e ; and those of the upper ex- 
hausting valve and lower steam valve by another rod, 
F. These rods, therefore, are capable of moving 
the valves in pairs, when elevated and depressed. 
The motion which works the valves is, however, not 
communicated by the rod of the air-pump, but is 
received from the axis of the fly-wheel. This axis 
works an apparatus called an eccentric; the prin- 
ciple which regulates the motion of this may be thus 
explained: — 

D e (figs. 20, 21.) is a circular metallic ring, the 
inner surface of which is perfectly smooth. This 
ring is connected with a shaft, f b, which com- 
municates motion to the valves by levers which 
are attached to it at b. A circular metallic plate 
is fitted in the ring so as to be capable of turn- 
ing within it, the surfaces of the ring and plate 
which are in contact being smooth and lubricated 
with oil or grease. This circular plate revolves, but 
not on its centre. It turns on an axis c, at some 
distance from its centre a ; the etfect of which, evi- 
dently, is that the ring within which it is turned is 
moved alternately in opposite directions, and through 
a space equal to twice the distance (c a) of the 
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axis of the circular plate from the corotnon centre 
of it and the ring. The eccentric in its two extreme 
pDsitiona is represented in figs. 20, 21. The plate 
and ring d e are placed on the axis of the fly-wheel, 
or on the axis of some other wheel which is worked 
by the fly-'n'heel. So that the motion of continued 
rotation in the fly-wheel is thus made to produce an 
alternate motion in a straight line in the shaft e b. 
This rod ia made to communicate by levers with the 
rods B and F(fig3. 18, 19.), which work the valves in 
Buch a manner, that, when the ecceutric ia in the po- 
sition flg. 20., one pair of valves are opened, and the 
other pair closed; and when it is brought to the 
position tig. 21., the other pair are opent-d, and the 
former closed, and so on. It is by means of such 
an apparatus as this that the valves are worked 
almost universally at present. 

'The piston being supposed to be at the top of the 
cylinder (fig. IS.), and the rod e raigcd, the valves 
A and D are opened, and b and c cloaed. The 
steam enters from the steam-pipe at an aperture im- 
mediately above the valve a, and, passing through 
the open valve, eaters the cylinder above the piston. 
At the same time, the steam which is below the pis- 
ton, and, which has juat pressed it up, flows through 
the open valve o, and through a tube immediately 
under it to the condenser. A vacuum being thus 
produced below the piston, and steajn pressure act- 
ing above it, it descends; and when it arrives at the 
bottom of the cylinder (fig, 19.) the rod r is drawn 
down, and the valves A and d fall into their seats, 
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through an aperture above the valve c, and passes 
below the piston, while the steam above it passes 
through the open valve b into a tube immediately 
under it, which leads to the condenser. A vacuum 
being thus produced above the piston, and steam 
pressure acting below it, the piston ascends, and 
thus the alternate ascent and descent is continued 
by the motion communicated to the rods e f from 
the fly-wheel. 

(62.) There are various other contrivances for 
regulating the circulation of steam through the cy- 
linder. In figs. 22, 23. is represented a section of a 
slide valve suggested by Mr. Murray of Leeds. The 
steam-pipe from the boiler enters the valve-box d e 
at s. Curved passages, A a, b b, communicate be- 
tween this valve-box and the top and bottom of the 
cylinder ; and a fourth passage leads to the tube c, 
which passes to the condenser. A sliding piece 
within the valve-box opens a communication alter- 
nately between each end of the cylinder and the 
tube c, which leads to the condenser. In the posi- 
tion of the apparatus in ^g. 22. steam is passing 
from the steam-pipes, through the curved passage 
A A above the piston, and at the same time the 
steam below the piston is passing through the pas- 
sage B B into the tube c, and thence to the condenser. 
A vacuum is thus formed below the piston, and 
steam is introduced above it. The piston, therefore, 
descends ; and when it arrives at the bottom bf the 
cylinder, the slide is moved into the position repre- 
sented in fig. 23. Steam now passes from s through 
B B below the piston, and the steam above it passes 
through A A and c to the condenser. A vacuum is 

o 
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thus produced above the piston, and steam pressure 
is introduced below it, and the piston ascends ; and 
in this way the motion is continued. 

The slide is mored by a lerer, which is worked 
by the eccentric from the fly-wheeL 

(63.) Watt suggested a method of regulating the 
circulation of steam, which is called the d valve, 
from the resemblance which the horizontal section 
of the valve has to the letter d. This method, which 
is very generally used, is represented in section in 
figs. 24, 25. Steam from the boiler enters through a. 
A rod of metal connects two solid plugs, a b, which 
move steam-tight in the passage d. In the position 
of the apparatus represented in fig. 24^ the steam 
passes from s through the passage i>^ iand enters the 
cylinder above the piston ; while the steam below 
the pbton passes through the open passage by the 
tube c to the condenser. A vacuum is- thus formed 
below the piston, while the pressure of steam is 
introduced above it, and it accordin|^y descends. 
When it has arrived at the bottom 6f the cylinder, 
the plugs A B are moved into the position in fig* 25. 
Steam now passing from s through d, enters, the 
cylinder below the piston ; while the steam which is 
above the pistcm^ and has just pressed it dowOt 
passes through the open passage into the condeapsm 
A vacuum is thus produced above ihejjialtoOfWaA 
the steam pressure below forces it up. WKeii it tea 
arrived at the top of the cylinder, the portion of 
the plugs A B is again changed to thai rei»eaented in 
fig. 24., and a i^milar efiect to that already diseiibed 
is produced, and the piston is pressed dowa; and so 
the process is continued* 
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The plugs A By and the rod which connects them, 
are moved up and down by proper levers, which 
receive their motion from the eccentric. 

This contrivance is frequently modified, by con- 
ducting the steam from above the piston to the 
condenser, through a tube in the plugs a b, and 
their connecting rod. In figs. 26, 27* a tube passes 
through the plugs a b and the rod which joins 
them. In the position fig. 26. steam entering at 
s passes through the tube to the cylinder above 
the piston, while the steam below the piston passes 
through c into the condenser. A vacuum being thus 
made below the piston, and steam pressing above 
it, it descends ; and when it has arrived at the bot- 
tom of the cylinder, the position of the plugs a b 
and the tube is changed to that represented at ^g. 27* 
The steam now entering at s passes to the cylinder 
below the piston, while the steam above the piston 
passes through c into the condenser. A vacuum is 
thus produced above the pbton, and steam pressure 
introduced below it, so that it ascends. When it has 
arrived at the top of the cylinder, the plugs are 
moved into the position represented in fig. 26., and 
^milar effects being produced, the piston again de- 
Bcends : and so the motion is continued. 

The motion of the sliding tube may be produced 
aa in the former contrivances, by the action of the 
eccentric It is also sometimes done by a bracket 
fastened on the piston-rod of the air-pump. This 
bracket, in the descent of the piston, strikes a pro- 
jection on the valve-rod, and drives it down; and in 
the aseent meets a similar projection, and raises it. 

(64.) Another method, worthy of notice for its 

g2 
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elegance and simplicity, is the four^way cock. A 
•ection of this contrivance is given in figs. 28, 29. : 
c T s B are four passages or tubes; s leads from the 
boiler, and introduces steam ; c, opposite to it, leads 
to the condenser ; t b a tube which communicates 
with the top of the cylinder ; and b one which com- 
municates with the bottom of the cylinder. These 
four tubes communicate with a cock, which is fur- 
nished with two curved passages, as represented 
in the figures; and these passages are so formed, 
that, according to the position given to the cock, 
they may be made to open a communication between 
any two adjacent tubes of the four just mentioned. 
When the cock is placed as in fig. 28. communi- 
cation is opened between the steam-pipe and the 
top of the cylinder by one of the curved passages, 
and between the condenser and the bottom of the 
cylinder by the other curved passage. In this case 
the steam passes from below the piston to the con- 
denser, leaving a vacuum under it, and steam is 
introduced from the boiler above the piston. The 
piston therefore descends ; and when it has arrived 
at the bottom of the cylinder, the position of the 
cock is changed to that represented in fig. 29. This 
change is made by turning the cock through one 
fourth of an entire revolution, which may be done 
by a lever moved by the eccentric, or by various 
other means. One of the curved passages in the 
cock now opens a communication between the steam- 
pipe and the bottom of the cylinder ; while the other 
opens a communication between the condenser and 
the top of the cylinder. By these means, the steam 
from the boiler is introduced below the piston. 
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while the steam above the piston is drawn o£P to the 
condenser. A vacuum being thus made above the 
piston, and steam introduced below it, it ascends ; 
and when it has arrived at the top of the cylinder, 
the cock being moved back, it resumes the position 
in fig. 28., and the same consequences ensue, the 
piston descends; and so the process is continued. In 
figs. SO, 31. the four-way cock with the passages to 
the top and bottom of the cylinder is represented on 
a larger scale. 

This beautiful contrivance is not of late invention. 
It was used by Papin, and is also described by Leu« 
pold in his Theabrum Machinaruniy a work published 
about the year 1720, in which an engine is described 
acting with steam of high pressure, on a principle 
which we shall describe in a subsequent chapter. 

The four-way cock is liable to some practical ob- 
jections. The quantity of steam which fills the tubes 
between the cock and the cylinder, is wasted every 
stroke. This objection, however, also applies to the 
sliding valve (figs. 22, 23.), and to the sliding tube 
or D valves (figs. 24, 25, 26, 27.)- ^^ f&ct, it is appli- 
cable to every contrivance in which means of shut- 
ting off the steam are not placed at both top and 
bottom of the cylinder. Besides this, however, the 
various passages and tubes cannot be conveniently 
made large enough to supply steam in sufficient 
abundance ; and consequently it becomes necessary 
to produce steam in the boiler of a more than ordi- 
nary strength to bear the attenuation which it suffers 
in its passage through so many narrow tubes. 

One of the greatest objections, however, to the 
use of the four-way cock, particularly in large en- 

o 3 
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ginesy b its unequal wear. The parts of it aear the 
pasMges ' having smaller surfacesy Jhedofma more 
afiected' bjr the friction^ and in Y^JAnoit tinn the 
•team Iteks bdween the cock and teoiiM^ abd be- 
comes wasted» and; tends to vitlatoilhi Tti*Bnnit 
These codu are sddom used in 00BdMifaigengBiei» 
except they be small engines, but riMi "baqpintly 
adopted in high-pressure steam 6n||iDiii; far in 
these the leakage is not of so m»dr Mbse^ence^ 
as will appear hereafter. 
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CHAP. VIII. 

BOILER AND ITS APFEXDAGES. — FURNACE. 

m BOiLSR AUB ITS ArPXlTDAOES. — LXTEL QAVQZS. ^' TZtH' 
IVO A7PAKATU8. -* 8TXAM OAUOX. — BAKOMXTER OAUOK. — 
lAnCTT TALTSS. — 8XLF-&EGULATIKO DAMPER. — - KDXt.- 
CKAMTZ'S TALTE. — FURNACE. — SMOKX-CONSUICINO rUR- 
VACE. •— BRUirrON's SELF-REGULATING FURNACE. — OLD- 

bam's modification. 

(65,) The regular action of a steam engine, as 
well as the economy of fuel, depends in a great de- 
gree on the construction of the boiler or apparatus 
for generating the steam. The boiler may be con- 
ceiyed as a great magazine of steam for the use of 
the engine ; and care must be taken not only that a 
sufficient quantity be always ready for the supply of 
the machine, but also that it shall be of the proper 
quality; that is, that its pressure shall not exceed 
that which is required, nor fall short of it. Pre- 
cautions should, therefore, be taken that the pro- 
duction of steam should be exactly proportioned to 
the work to be done, and that the steam so produced 
shall be admitted to the cylinder in the same pro- 
portion. 

To accomplish this various contrivances, emi- 
nently remarkable for their ingenuity, have been 
resorted to> and which we shall now proceed to 
describe. 

o 4» 



128 THE STEAM ENGINE. 

(66>) Different methods have been, from time to 
time, suggested for indicating the level of the water 
in the boiler. We have already mentioned the two 
gauge-pipes used in the earlier steam engines (31.) ; 
and which are still generally continued. There 
are, however, some other methods which merit our 
attention. 

A weighty F (fig. 82.), half immersed in the water 
in the boiler, is supported by a wire, which, passing 
steam-tight through a small hole in the top, is con- 
nected by a flexible string or chain passing over a 
wheel, w, with a counterpoise, A^ which is just 
sufficient to balance f, when half immersed. If f 
be rabed above the water, a being lighter, will no 
longer balance it, and f will descend, pulling up a, 
and turning the wheel w. If, on the other hand, f 
be plunged deeper in the water, a, will more than 
balance it, and will pull it up. So that the only po- 
sition in which f and a will balance each other is 
when F is half inmiersed. The wheel w is so ad- 
justed, that when two pins, placed on its rim, are in 
the horizontal position, as in fig. 82., the water is at 
its proper level. Consequently it follows, that if the 
water rise above this level, the weight f is lifted, 
and A falls, so that the pins p f' come into the po- 
sition in fig. 88. If, on the other hand, the level of 
the water falls, f falls and A rises, so that the pins 
p p' assume the position in fig. 84*. Thus, in gene- 
ral, the position of the pins p p' becomes an indica- 
tion of the quantity of water in the boiler. 

Another method is to place a glass tube (Bg, 35.) 
with one end, x, entering the boiler above the proper 
level and the other end, x', entering it below the 
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proper level. It must be evident that the water in the 
tube will always stand at the same level as the water 
in the boiler ; since the lower part has a free com- 
munication with that water, while the surface is 
submitted to the pressure of the same steam as the 
water in the boiler. This, and the last-mentioned 
gauge, have the advantage of addressing the eye of 
the engineer at once, without any adjustment; where- 
as the gauge cocks must be both opened, whenever 
the depth is to be ascertained. 

These gauges, however, require the frequent at- 
tention of the engine-man; and it becomes desirable 
either to find some more effectual means of awaken- 
ing that attention, or to render the supply of the 
boiler independent of any attention. In order to 
enforce the attention of the engine-man to replenish 
the boiler when partially exhausted by evaporation, 
a tube was sometimes inserted at the lowest level to 
which it was intended that the water should be per- 
mitted to fall. This tube was conducted from the 
boiler into the engine-house, where it terminated in 
a mouth-piece or whistle, so that whenever the water 
fell below the level at which this tube was inserted 
in the boiler, the steam would rush through it, and, 
issuing with great velocity at the mouth-piece, would 
summon the engineer to his duty with a call that 
would rouse him even from sleep. 

(67.) In the most effectual of these methods, the 
task of replenishing the boiler should still be exe- 
cuted by the engineer; and the utmost that the 
boiler itself was made to do was to give due notice 
of the necessity for the supply of water. The con- 
sequence was, among other inconveniences, that 

o 5 
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the level of the water was subject to constant varia- 
tion. 

To remedy this, a method has been invented by 
which the engine is made to feed its own boiler. 
The pipe g^ (fig. 15.), which leads from the hot 
water pump H^ terminates in a small cistern, c (hg. 
36.), in which the water is received. In the bottom 
of this cistern a valve, v, is placed, which opens up- 
wards, and communicates with a feed-pipe, which 
descends into the boiler below the level of the water 
in it. The stem of the valve v is connected with a 
lever turning on the centre d, and loaded with a 
weight, F, dipped in the water in the boiler in a man- 
ner similar to that described in fig. 32., and balanced 
by a counterpoise, a, in exactly the same way. 
When the level of the water in the boiler falls, the 
fioat F falls with it, and, pulling down the arm e of 
the lever, raises the valve v, and lets the water de- 
scend into the boiler from the cistern c. When the 
boiler has thus been replenished, and the level raised 
to its former place, f will again be raised, and the 
valve V closed by the weight A. In practice, how- 
ever, the valve v adjusts itself by means of the effect 
of the water on the weight f, so as to permit the 
water from the feeding cistern c to flow in a con- 
tinued stream, just sufiKcient in quantity to supply 
the consumption from evaporation, and to maintain 
the level of the water in the boiler constantly the 

same. 

By this singularly felicitous arrangement, the 
boiler is made to replenish itself, or, more properly 
speaking, it is made to receive such a supply as that 
it never wants replenishing, an effect which no effort 
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of attention on the part of an engine-man could pro- 
duce. But this is not the only good effect produced 
by this contrivance. A part of the steam which 
originally left the boiler, and having discharged its 
duty in moving the piston, was condensed and re- 
converted into water, and lodged by the air-pump 
in the hot-well (47. )> ^ ^^^e again restored to the 
source from which it came, bringing back all the 
unconsumed portion of its heat preparatory to being 
once more put in circulation through the machine. 

The entire quantity of hot water pumped into the 
cistern c in not always required for the boiler. A 
waste-pipe may be provided for carrying off the sur- 
plus, which may be turned to any purpose for which 
it may be required ; or it may be discharged into a 
cistern to cool, prepatory to being restored to the 
cold cistern (fig. 12.), in case water for the supply 
of that cistern be not sufficiently abundant 

In cities and places in which it becomes an object 
to prevent the waste of water, the waste-pipes pro- 
ceeding from the feed-cistern c (fig. 36.), and from 
the cold cistern containing the condenser and air- 
pump, may be conducted to a cistern a b (fig, 37.). 
Let c be the pipe from the feeding cistern, and d 
that from the cold cistern; by these pipes the 
waste water from both these cisterns is deposited 
in A B. In the bottom of a b is a valve v, opening 
upwards, connected with a float p. When the quantity 
of water collected in the cistern a b is such that the 
level rises considerably, the float f is raised, and lifts 
the valve v, and the water flows into the main-pipe, 
which supplies water for working the engine : o is the 
cold water-pump for the supply of the cold cistern. 

G 6 
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This arrangement for saving the water discharged 
from the feeding and condensing cisterns has been 
adopted in the printing office of the Bank of Ireland, 
and a very considerable waste of water is thereby 
prevented. 

(68.) It is necessary to have a ready method of 
ascertaining at all times the strength of the steam 
which is used in working the engine. For this pur- 
pose a bent tube containing mercury is inserted into 
some part of the apparatus which has free communi- 
cation with the steam. It is usually inserted in the 
jacket of the cylinder (44.). Let A b c (fig. 38.) be 
such a tube. The pressure of the steam forces the 
mercury down in the leg a b, and up in the leg b c. 
d the mercury in both legs be at exactly the same 
Vevely the pressure of the steam must be exactly equal 
to that of the atmosphere ; because the steam pres- 
sure on the mercury in a b balances the atmospheric 
pressure on the mercury in b c. If, however, the 
level of the mercury in b c be above the level of the 
mercury in b a, the pressure of the steam will exceed 
that of the' atmosphere. The excess of its pressure 
above that of the atmosphere may be found by ob- 
serving the difference of the levels of the mercury in 
the tubes b c and b a ; allowing a pressure of one 
pound on each square inch for every two inches in 
the difference of the levels. 

If, on the contrary, the level of the mercury in b c 
should fall below its level in a b, the atmospheric 
pressure will exceed that of the steam, and the de- 
gree or quantity of the excess may be ascertained 
^Kactly in the same way. 

Jf the tube be glass, the difference of levels of the 
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mercury would be visible : but it is most commonly 
made of iron ; and in order to ascertain the level, a 
thin wooden rod with a float is inserted in the open 
end of B c ; so that the portion of the stick within 
the tube indicates the distance of the level of the 
mercury from its mouth. A bulb or cistern of mer- 
cury might be substituted for the leg A b, as in the 
common barometer. This instrument is called the 
steam-^uge* 

If the steam-gauge be used as a measure of the 
strength of the steam which presses on the piston, it 
ought to be on the same side of the throttle valve 
(which is regulated by the governor) as the cylinder; 
for if it were on the same side of the throttle valve 
with the boiler, it would not be affected by the 
changes which the steam may undergo in passing 
through the throttle valve, when partially closed by 
the agency of the governor. 

(69.) The force with which the piston is pressed 
depends on two things : 1°, the actual strength of the 
steam which presses on it ; and 2°, on the actual 
strength of the vapour which resists it. For although 
the vacuum produced by the method of separate 
condensation be much more perfect than what had 
been produced in the atmospheric engines, yet still 
some vapour of a small degree of elasticity is found 
to be raised from the hot water in the bottom of the 
condenser before it can be extracted by the air- 
pump. One of these pressures is indicated by the 
steam-gauge already described ; but still, before we 
can estimate the force with which the piston de- 
scends, it is necessary to ascertain the force of the 
▼apour which remains uncondensed, and resists the 
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motion of the piston. Another gauge, called the 
barometer-gauge, is provided for this purpose. A 
glass tube a b (fig. 39.), more than thirty inches 
long, and open at both ends, is placed in an upright 
or vertical position, having the lower end b immersed 
in a cistern of mercury c. To the upper end is at- 
tached a metal tube, which communicates with the 
condenser, in which a constant vacuum, or rather 
high degree of rarefaction, is sustained. The same 
vacuum must, therefore, exist in the tube a b, above 
the level of the mercury ; and the atmospheric pres- 
sure on the surface of the mercury in the cistern c 
will force the mercury up in the tube A B, until the 
column which is suspended in it is equal to the dif- 
ference between the atmospheric pressure and the 
pressure of the uncondensed steam. The differ- 
ence between the column of mercury sustained in 
this instrument and in the common barometer will 
determine the strength of the uncondensed steam, 
allowing a force proportional to one pound per square 
inch for every two inches of mercury in the difference 
of the two columns. In a well-constructed engine, 
which is in good order, there is very little difference 
between the altitude in the barometer gauge and the 
common barometer. 

To compute the force with which the piston de- 
scends, thus becomes a very simple arithmetical pro- 
cess. First ascertain the difference of the levels of 
the mercury in the steam-gauge. This gives the ex- 
cess of the steam pressure above the atmospheric 
pressure. Then find the height of the mercury in 
the barometer gauge. This gives the excess of the 
atmospheric pressure above the uncondensed steam. 
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Hence, if these two heights be added together, we 
shall obtain the excess of the impelling force of the 
steam from the boiler on the one side of the piston 
above the resistance of the uncondensed steam on 
the other side. This will give the effective impelling 
force. Now, if one pound be allowed for every two 
inches of mercury in the two columns just mentioned, 
we shall have the number of pounds of impelling 
pressure on every square inch of the piston. Then 
if the number of square inches in the section of the 
piston be found, and multiplied by the number of 
pounds on each square inch, the whole effective 
force with which it moves will be obtained. 

In the computation of the power of the engine, 
however, all this force, thus computed, is not to be 
allowed as the effective working power. For it re ' 
quires some force, and by no means an inconsider • 
able portion, to move the engine itself, even when 
unloaded ; all this, therefore, which is spent in over- 
coming friction, &c. is to be left out of account, and 
only the balance set down as the effective working 
power. 

From what we have stated, it appears that in order 
to estimate the effective force with which the pbton 
is urged, it is necessary to refer to both the barometer 
and the steam-gauge. This double computation may 
be obviated by making one gauge serve both pur- 
poses. If the end c of the steam-gauge (fig. 38,) in- 
atead of communicating with the atmosphere, were 
continued to the condenser, we should have the pres- 
sure of the steam acting upon the mercury in the 
tube B A, and the pressure of the uncondensed va- 
pour which resists the piston acting on the mercury 
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in the tube b c Hence the difference of the levek 
of the mercury in the tubes will at once indicate the 
difference between the force of the steam and that 
of the uncondensed vapour, which is the effectiye 
force with which the piston is urged. 

(70.) To secure the boiler from accidents arising 
from the steam becoming too strong, a safety valve 
is used, similar to those described in Papin's steam 
engine, loaded with a weight equal to the strength 
which the steam is intended to have above the 
atmospheric pressure ; for it is found expedient, 
even in condensing engines, to use the steam of a 
pressure somewhat above that of the atmosphere. 

Besides this valve, another of the very opposite 
kind is sometimes used. Upon stopping tJie engine^ 
and extinguishing the fire, it is found that the steam 
condensed within the boiler produces a vacuum ; so 
that the atmosphere, pressing on the external surface 
of the boiler, has a tendency to crush it To prevent 
this, a safety valve is provided, which opens inwards, 
and which being forced open by the atmospheric 
pressure when a vacuum is produced within, the air 
rushes in, and a balance is obtained between the 
pressures within and without 

(71.) We have already explained the manner in 
which the governor regulates the supply of steam 
from the boiler to the cylinder, proportioning the 
quantity to the work to be done, and thereby sustain- 
ing a uniform motion. Since, then, the consump' 
Hon of steam in the engine is subject to variation, 
owing to the various quantities of work it may have 
to perform, it is evident that the production of steam 
in the boiler should be subject to a proportional 
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nuiation. For, otherwise, one of two effects would 
esane : the boiler would either fail to supply the en- 
gine with steam, or steam would accumulate in the 
bdler, from being produced in too great abundance, 
and would escape at the safety valve, and thus be 
wasted. In order to vary the production of steam 
in proportion to the demands of the engine, it is ne- 
cessary to increase or mitigate the furnace, as pro- 
duction is to be augmented or diminished. To 
effect tiiis by any attention on the part of the engine- 
man would be impossible; but a most ingenious 
method has been contrived, of making the boiler re- 
gulate itself in these respects. Let t (fig. 40.) be a 
tube inserted in the top of the boiler, and descend- 
ing nearly to the bottom. The pressure of the steam 
on the surface of the water in the boiler forces water 
up in the tube t, until the difference of the levels is 
equal to the difference between the pressure of the 
steam in the boiler and that of the atmosphere. A 
weight F, half immersed in the water in the tube, is 
suspended by a chain which passes over the wheels 
p f\ and is balanced by a metal plate d, in the same 
manner as the float in fig. 32. is balanced by the 
weight A. The plate d passes through the mouth 
of the flue e, as it issues finally from the boiler ; so 
that when the plate d falls, it stops the flue and 
thereby suspends the draught of air through the fur- 
nace, mitigates the fire, and diminishes the produc- 
tion of steam. If, on the contrary, the plate d be 
drawn up, the draught is increased, the fire rendered 
more effective, and the production of steam in the 
boiler stimulated. Now suppose that the boiler is 
producing steam faster than the engine consumes it, 
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either beeanse the load on the engine has been di<- 
miniahedy and therefore its consumption of steam 
proportionally diminished, or because the fire has 
beeome too intense. The consequence is, that the 
•team beginning to accumulate, will press upon the 
snrfece of the water in the boiler with increased 
fiMToe^ and the water will rise in the tube t. The 
weight F will therefore be lifted, and the plate d will 
descend, stop the draught, mitigate the fire, and 
check the production of steam ; and it will continue 
so to do, until the production of steam becomes ex« 
aetljT equal to the demands of the engine. 

If, on the other hand, the production of steam be 
not equal to the wants of the machine, either because 
of the increased load, or the insufiiciency of the fire, 
the steam in the boiler losing its elasticity, the sur- 
face of the water rises, not sustaining a pressure 
sufficient to keep it at its wonted level. Therefore, 
the surface in the tube t falls, and the weight f falls, 
and the plate d rises. The draught is thus increased, 
by opening the flue, and the fire rendered more in- 
tense; and thus the production of steam is stimulated, 
until it is sufficiently rapid for the purposes of the 
engine. This apparatus is called the self-dcting 
damper, 

(72.) It has been proposed to connect this damper 
with the safety-valve invented by the Chevalier Edel- 
crantz. A small brass cylinder is fixed to the boiler, 
and is fitted with a .piston which moves in it, with- 
out much friction, and nearly steam-tight. The 
cylinder is closed at top, having a hole through which 
the piston-rod plays ; so that the piston is thus pre- 
vented from being blown out of the cylinder by the 
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steam. The side of the cylinder is pierced with 
small holes opening into the air, and placed at short 
distances above each other. Let the piston be loaded 
with a weight proportional to the pressure of the 
steam intended to be produced. When the steam has 
acquired a sufficient elasticity, the piston will be 
lifted, and steam will escape through the first hole. 
If the production of steam be not too rapid, and that 
its pressure be not increasing, the piston will remain 
suspended in this manner : but if it increase, the 
piston will be raised above the second hole, and it 
will continue to rise until the escape of the steam 
through the holes is sufficient to render the weight 
of the piston a counterpoise for the steam. This 
safety-valve is particularly well adapted to cases 
where steam of an exactly uniform pressure is required; 
for the pressure must necessarily be always equal to 
the weight on the piston. Thus, suppose the section 
of the piston be equal to a square inch ; if it be 
loaded with 10 lbs. including its own weight, the 
steam which will sustain it in any position in the 
cylinder, whether near the bottom or top, must 
always be exactly equal in pressure to 10 lbs. per 
inch. In this respect it resembles the quality already 
explained in the governor, and renders the pressure 
of the steam uniform, exactly in the same manner 
as the governor renders the velocity of the engine 
uniform. 

(73.) The economy of fuel depends, in a great de- 
gree, on the construction of the furnace, independ- 
ently of the efiects of the arrangements we have 
already described. 

The grate or fire-place of an ordinary furnace is 
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are furnished with covers, so thai the quantity of 
air admitted through them can be regulated by the 
workmen. The efficiency of these furnaces in a 
great degree depends on the judicious admission of 
the air through the feeding-mouth : for if less than 
the quantity necessary to support the combustion of 
the fuel be admitted, a part of the smoke will 
remain unconsumed ; and if more than the proper 
quantity be admitted, it will defeat the effects of the 
fuel by cooling the boiler. If the process which we 
have just described be considered, it will not be 
difficult to perceive the total imposabiUty in such a 
furnace of exactiy regulating the dnuight of air, so 
that too much shall not pass at one time, and too 
littie at another. When the door is open to intro- 
duce fresh fuel into the feeding-mouth, and advance 
that whidi occupied it upon the gprate, the workman 
ceases to have any controul whatever over the 
draught of air ; and even at other times when the 
door b dosed, his discretion and attention cannot 
be depended on. The consequence is, that with 
these defects the proprietors of steam engines found, 
that in the place of economising the fuel, the use 
of these furnaces entailed on them such an increased 
expense that they were generally obliged to lay 
them aside. 

(74.) Mr. Brunton of Birmingham having turned 
his attention to the subject, has produced a furnace 
which seems to be free from the objections against 
those we have just mentioned. The advantages 
of his contrivance, as stated by himsdf, are as 
follow: — 

** First, I put the coal upon the grate by small 
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quantitieB, and at Tery short intervalsy say every two 
or three seconds. 2ndly, I so dispose of the coals 
upon the grate, that the smoke evolved most pass 
over that part of the grate upon which the coal is 
in full combustion, and is thereby consumed. Sdljr, 
As the introduction of coal is uniform in short spaces 
of time, the introduction of air is also uniform, and 
requires no attention from the fireman. 

<< As it respects economy : 1st, The coal is put 
upon the fire by an apparatus driven by the engine^ 
and so contrived that the quantity of coal is pro- 
portioned to the quantity of work which the engine is 
performing, and the quantity of air admitted to con- 
sume the smoke is regulated in the same mannei'. 
2dly, The fire door is never opened, excepting to 
clean the fire ; the boiler of course is not exposed 
to that continual irregularity of temperature which 
is unavoidable in the common furnace, and which is 
found exceedinglyinjurious to boilers. 3dly,Theonlj 
attention required is to fill the coal receiver, eveij 
two or three hours, and clean the fire when necessary. 
itUy, The coal is more completely consumed than 
by ihe common furnace, as all the effect of what i^ 
termed stirring up the fire (by which no inconsi- 
deraUe quantity of coal is passed into the ash-pit) 
is attained without moving the coal upon the 
grate." 

The fire-place is a circular grate placed on a ver- 
tical shaft in an horizontal position. It is capable 
of revolving, and is made to do so by the vertical 
shaft, which is turned by wheel-work, which is 
worked by the engine itself; or this shaft or spindle 
may be turned by a water-wheel, on which a stream 
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of water is allowed to flow from a reservoir into 
which it is pumped by the power of the engine ; 
and by regulating the quantity of water in the 
stream, the grate may be made to revolve with a 
greater or lesser speed. In that part of the boiler 
which is over the grate, there is an aperture, in 
which is placed a hopper, through which fuel 
is let down upon the grate at the rate of any 
quantity per minute that may be required. The 
apparatus which admits the coals through this hop- 
per is worked by the engine also, and by the same 
means as the grate is turned so that the grate re- 
volves with a speed proportional to the rapidity with 
which the fuel is admitted through the hopper, and 
by this ingenious arrangement the fuel falls equally 
thick upon the grate. 

The supply of water which turns the wheel which 
works the grate and the machinery in the hopper, is 
regulated by a cock connected with the self-regu- 
lating damper; so that when the steam is being pro- 
duced too fast, the supply of water will be di- 
minished, and by that means the supply of fuel to the 
grate will be diminished, and the grate will revolve 
less rapidly : and when the steam is being produced 
too slowly for the demands of the engine, the con- 
trary effects take place. In this way the fuel 
which is introduced into the furnace is exactly 
proportioned to the work which the engine has to 
p^form. The hopper may be made large enough 
to hold coals for a day's work, so that the furnace 
requires no other attendance than to deposit coals in 
the hopper each morning. 

The coals are let down from the hopper on the 
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grate at that part which is most remote from the 
flue; and as they descend in very small quantities 
at a time, they are almost immediately ignited. 
But until their, ignition is complete, a smoke will 
arise, which, passing to the flue over the vividly 
burning fuel, will be ignited. Air is admitted 
through proper apertures, and its quantity regulated 
by the damper in the same manner as the supply of 

fuel. 

The superiority of this beautif\il invention over the 
common smoke-consuming furnaces is very striking. 
Its principle of s^elf-adjustment as to the supply of 
coals and atjnospheric air, and the proportioning of 
these to the quantity of work to be performed 
by the engine, not only independent of human la- 
bour, but with a greater degree of accuracy than 
any human skill or attention could possibly effect, 
produces saving of expense, both ux fuel and labour. 

(75.) Mr. Oldham, engineer to the Bank of 
Ireland, has proposed another modification of the 
self-regulating furnace, which seems to possess 
several advantages, and evinces considerable in- 
genuity. 

He uses a slightly inclined grate, at the back or 
lower end of which is the flue, and at the front or 
higher end, the hopper for admitting the coals. In 
the bottom or narrow end of the hopper is a^move- 
able shelf, worked by the engine. Upon drawing back 
this shelf, a small quantity of fuel is allowed to de- 
scend upon a fixed shelf under it; and upon the 
return of the moveable shejf, this fuel is protruded 
forward upon the grate. Every alternate bar of the 
grate is fixed, but the intermediate ones are con- 

II 
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nected with levers, by which they are moved alter- 
nately up and down.* The effect is, that the coals 
upon the bars are continually stirred, and gradually 
advanced by their own weight from the front of the 
grate, where they fall from the hopper, to the back, 
where they are deposited in the ash-pit. By the 
shape and construction of the bars, the air is con- 
ducted upwards between them, and rushes through 
the burning fuel, so as to act in the manner of a 
blowpipe, and the entire surface of the fire presents 
a sheet of flame. 

We cannot fail to be struck with the beauty of all 
these contrivances, by which the engine is made to 
regulate itself, and to supply its own wants. It is, 
in fact, all but alive. It was observed by Belidor, 
long before the steam engine reached the perfec- 
tion which it has now acquired, that it resembled 
an animal, and that no mere work of man ever 
approached so near to actual life* Heat is the prin- 
ciple of its existence. The boiler acts the part of 
the heart, from which its vivifying fluid rushes 
copiously through all the tubes, where having dis- 
charged the various functions of life, and deposited 
its heat in the proper places, it returns again to the 
source it sprung from, to be duly prepared for 
another circulation. The healthfulness of its ac- 

* Mr. Brunton used moveable bars in a furnace constructed 
by bim before he adopted the horizontal revolving grate. 
That plan, however, does not appear to have been as success- 
ful as the latter, as he has abandoned it. Mr. Oldham states 
that his furnace has been in use for several years without any 
appearance of derangement in the mechanism, and with a con- 
siderable saving o^ fuel. 
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tiou is indicated by the regularity of its pulsations ; 
it procures its own food by its own labour ; it se- 
lects those parts which are fit for its support, both 
as' to quantity and quality ; and has its natural 
evacuations, by which all the useless and innutri- 
tions parts are discharged. It frequently cures its 
own diseases, and corrects the irregularity of its 
own actions, exerting something like moral facul- 
ties. Without designing to carry on the analogy, 
Mr. Farey, in speaking of the variations incident 
to the work performed by different steam en- 
gines, states some further particulars in which it 
may be curiously extended. " We must observe,** 
says he, " that the variation in the performancie of 
different steam engines, which are constructed on 
the same principle, working under the same advan- 
tages, is the same as would be found in the produce 
of the labour of so many differmt horses or other 
animals when compared with their consumption of 
food ; for the effects of different steam engines 
will vary as much from small differences in the pro- 
portion of their parts, as the strength of animals 
from the vigour of their constitutions ; and again, 
there will be as great differences in the performance 
of the same engine when in good and bad order, 
from all the parts being tight and well oiled, so 
as to move with little friction, as there is in the 
labour of an animal from his being in good or bad 
health, or excessively fatigued : but in all these cases 
there will be a maximum which cannot be exceeded, 
and an average which we ought to expect to ob- 
tain." 

h2 
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CHAP. IX- 

DOUBLE-CYLINDER ENGINES. 

■OaNBLOWIR*t KNOINK. -~ WOOLT^S XVOINE. — CA&TWRIGRT* 

KMGINK. 

(76.) The expansive property of steam, of whicJ 
Watt availed himself in his single engine by cutting 
off the supply of steam before the descent of the 
piston was completed, was applied in a peculiar 
manner by an engineer named Homblower, about 
the year 1781, and at a later period by Woolf. H orn- 
blower was the first who conceived the idea of work- 
ing an engine with two cylinders of different sizes, 
by allowing the steam to flow freely from the boiler 
until it fills the smaller cylinder^ and then permit- 
ting it to expand into the greater one, employing it 
thus to press down two pistons in the manner which 
we shall presently describe. The condensing appa- 
ratus of Hornblower, as well as the other appendages 
of the en[0ne, do not differ materially from those of 
Watt ; so that it will be sufficient for our present 
purpose to explain the manner in which the steam 
is made to act in moving the piston* 

Let c, fig. 41., be the centre of the great working 
beam, carrying two arch heads, on whichUhe chains 
of the piston rods play. The distances of these arch 
heads from the centre c must be in the same pro- 
portion as the length of the cylinders, in order that 
the same play of the beam may correspond to the 
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plays of both pistons. Let F be the steam-pipe 
from the boiler, and g a valve to admit the steam 
above the lesser piston, h is a tube by which a 
communication may be opened by the valve i be- 
tween the top and bottom of the lesser cylinder b. 
K is a tube communicating, by the valve l, between 
the bottom of the lesser cylinder b and the top of 
the greater cylinder a. m is a tube communicat- 
ing, by the valve n, between the top and bottom of 
the greater cylinder a ; and p a tube leading to the 
condenser by the exhausting valve o. 

At the commencement of the operation, suppose 
all the valves opened, and steam allowed to flow 
through the entire engine until the air be completely 
expelled, and then let all the valves be closed. To 
start the engine, let the exhausting valve o and the 
steam valves g and l be opened, as in fig. 41. The 
steam will flow freely from the boiler, and press 
upon the lesser piston, and at the same time the 
steam below the greater piston will flow into the 
condenser, leaving a vacuum in the greater cylin- 
der. The valve l being opened, the steam which 
is under the piston in the lesser cylinder will flow 
through K, and press on the greater piston, which, 
having a vacuum beneath it, will consequently 
descend. At the commencement of the motion, the 
lesser piston is as much resisted by the steam below 
it as it is urged by the steam above it ; but after a 
part of the descent has been effected, the steam be- 
low the lesser piston passing into the greater, ex- 
pands into an increased space, and therefore loses 
its elastic force proportionally. The steam above 
the lesser piston retaining its full force by having a 

H 3 
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free commuDication with the boiler by the valve o, 
the lesser piston will be urged by a force equal to 
the excess of the pressure of this steam above the 
dimiDished pressure of the expanded steam below it. 
As the pistons descend, the steam which is between 
them is continually increasing in its bulk, and there- 
fore decreasing in its pressure, from whence it fol- 
lows, that the force which resists the lesser piston 
is continually decreaung, while that which presses 
it down remains the same^ and therefore the effec- 
tive force which impels it must be continually in- 
creasing. 

On the other hand, the force which urges the 
greater piston is continually decreasing, since there 
is a vacuum below it, and the steam which presses it 
is continually expanding into an increased bulk. 

Impelled in this way, let us suppose the pistons 
to have arrived at the bottoms of the cylinders, as in 
fig. 42., and let the valves g, l, and o be closed, and 
the valves i and n opened. No steam is allowed to 
flow from the boiler, g being closed, nor any allowed 
to pass into the condenser, since o is closed, and all 
communication between the cylinders is stopped by 
closing L. By opening the valve i, a free commu- 
nication is made between the top and bottom of the 
lesser piston through the tube H, so that the steam 
which presses above the lesser piston will exert the 
same pressure below it, and the piston is in a state 
of indifference. In the same manner the valve n 
being open, a free communication is made between 
the top and bottom of the greater piston, and 
the steam circulates above and below the piston, and 
leaves it free to rise. A counterpoise attached to 
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the pump-rods in this case, draws up the piston, as 
in Watt's single engine ; and when they arrive at 
the top, the valves i and n are closed, and g, l, and 
o opened, and the next descent of the pistons is 
produced in the manner already described, and so 
the process is continued. 

The valves are worked by the engine itself, by 
means similar to some of those already described. 
By computation, we find the power of this engine 
to be nearly the same as a similar engine on Watt's 
expansive principle. It does not however appear, 
that any adequate advantage was gained by this 
modification of the principle, since no engines of 
this construction are now made. 

(77.) The use of two cylinders was revived by 
Arthur Woolfy in ISO^, who, in this and the suc- 
ceeding year, obtained patents for the application 
of steam raised under a high pressure to double- 
cylinder engines. The specification of his patent 
states, that he has proved by experiment that 
steam raised under a safety-valve loaded with any 
given number of pounds upon the square inch, will, 
if allowed to expand into as many times its bulk as 
there are pounds of pressure on the square inch, 
have a pressure equal to that of the atmosphere. 
Thus, if the safety-valve be loaded with four pounds 
on the square inch, the steam, after expanding into 
four times its bulk, will have the atmospheric pres- 
sure. If it be loaded with 5, 6, or 10 lbs. on the 
square inch, it will have the atmospheric pressure 
when it has expanded into 5, 6, or 10 times its 
bulk, and so on. It was, however, understood in 
this case, that the vessel into which it was allowed 
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to expand should have the same temperature as the 
steam before it expands. 

It is rerj unaccountable how a person of Mr. 
Woolf's experience in the practical application of 
steam could be led into errors so gross as those 
involved in the averments of this patent ; and it is 
BtHl more unaccountable how the experiments could 
have been conducted which led him to conclusions 
not only incompatible with all the established pro- 
perties of elastic fluids — properties which at that 
time were perfectly understood — but even involving 
in themselves palpable contradiction and absurdity. 
If it were admitted that every additional pound 
avoirdupois which should be placed upon the safety 
valve would enable steam, by its expansion into a 
proportionally enlarged space, to attain a pressure 
equal to the atmosphere, the obvious consequence 
would be, that a physical relation would subsist 
between the atmospheric pressure and the pound 
avoirdupois I It is wonderful that it did not occur 
to Mr. Woolf, that, granting his principle to be true 
at any given place, it would necessarily be false at 
another place where the barometer would stand at 
a different height. Thus if the principle were true 
at the foot of a mountain, it would be false at the 
top of it; and if it were true in fair weather, it 
would be false in foul weather, since these circum- 
stances would be attended by a change in the atmo- 
spheric pressure, without making any change in the 
pound avoirdupois.* 

* It is strange that this absurdity has been repeatedly given 
as unquestionable fact in various encyclopaedias on the article 
** Steam Engine/* as well as in by far the greater number of 
treatises expressly on the subject. 
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The method by which Mr. Woolf proposed to 
apply the principle which he imagined himself to 
have discovered was by an arrangement of cylinders 
similar to those of Horublower, but having their 
magnitudes proportioned to the greater extent of 
expansion which he proposed to use. Tvo cylin- 
ders, like those of Homblower, were placed under 
the working beam, having their piston rods at dis- 
stances from the axis proportioned to the lengths 
of their respective strokes. The relative mag- 
nitudes of the cylinders a and b must be adjusted 
according to the extent to which the principle of 
expansion is intended to be used. The valves 
c c' were placed at each end of the lesser cylinder 
in tubes communicating with the boiler, so as to 
admit steam on each side of the lesser piston, and 
cut it off at pleasure. A tube, d^ formed a com- 
munication between the upper end of the lesser 
and lower end of the greater cylinder, which com- 
munication is opened and closed at pleasure by the 
valve £^ In like manner, the tube d forms a 
communication between the lower end of the lesser 
cylinder and the upper end of the greater, which 
may be opened and closed by the valve e. The top 
and bottom of the greater cylinder communicated 
with the condenser by valves f' f. 

Let us suppose that the air is blown from the 
engine in the usual way, all the valves closed, and 
the engine ready to start, the pistons being at the 
top of the cylinders. Open the valves c, £, and f. 
The steam which occupies the greater cylinder 
below the piston will now pass into the condenser 
through F, leaving a vacuum below the piston. 

h5 
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The Bteam which is in the lesser cylinder below the 
piston will pass through d and open the valve e, 
and will press down the greater pistcii. The steam 
from the boiler will flow in at c, and press on the 
lesser piston. At first the whole motion will pro- 
ceed from the pressure upon the greater piston, 
unce the steam, both above and below the lesser 
piston, has the same pressure. But, as the pistons 
descend, the steam below the less passing into the 
greater cylinder, expands into a greater space, and 
consequently exerts a diminished pressure, and, 
therefore, the steam on the other side exerting an 
undiminished pressure, acquires an impelling force 
exactly equal to the pressure lost in the expansion 
of the steam between the two pistons. Thus both 
pistons will be pressed to the bottoms of their re- 
spective cylinders. It will be observed that in the 
descent the greater piston is urged by a continually 
decreasing force, while the lesser is urged by con- 
tinually increasing force. 

Upon the arrival of the pistons at the bottoms of 
the cylinders, let the valves c, e, f be closed, and 
c', e', f' be opened, as in fig. 44. The steam which 
is above the greater piston now flows through f' 
into the condenser, leaving the space above the 
piston a vacuum. The steam wnicn is above the 
lesser piston passes through e' and d' below the 
greater, while the steam from the boiler is admitted 
through c below the lesser piston. The pressure 
of the steam entering through e' below the greater 
piston, pressing on it against the vacuum above it, 
commences the ascent. In the mean time the steam 
above the lesser piston passing into the enlarged 
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space of the greater cylinder, loses gradually its 
elastic force, so that the steam entering from the 
boiv ' at c' becomes in part effective, and the ascent 
IS completed under exactly the same circumstances 
as the descent, and in this way the process is con- 
tinued. 

It is evident that the valves may be easily worked 
by the mechanism of the engine itself. 

In this arrangement the pistons ascend and de- 
scend together, and their rods must consequently be 
attached to the beam at the same side of the centre. 
It is sometimes desirable that they should act on dif- 
ferent sides of the centre of the beam, and conse- 
quently that one should ascend while the other 
descends. It is easy to arrange the valves so as to 
effect this. In fig. 45., the lesser piston is at the bottom 
of the cylinder, and the greater at the top. On open- 
ing the valves c', e^, f', a vacuum is produced below 
the greater piston, and steam flows from the lesser 
cylinder, through e', above the greater piston, and 
presses it down. At the same time steam being 
admitted from the boiler through c' below the lesser 
piston, forces it up against the diminishing force of 
the steam above it, which expands into the greata 
cylinder. Thus as the greater piston descends the 
lesser ascends. When each has traversed its cylin- 
der, the valves c\ ie.\ f' being closed, and c, e, f 
opened, the lesser piston will descend, and the 
greater ascend, and so on. 

(78.) The law according to which the elastic 
force of steam diminishes as it expands, of which 
Mr. Woolf appears to have been entirely ignorant^ 
precisely similar to the same property in air and other 
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elastic fluids. If steam expands into twice or thrice 
its volume, it will lose its elastic force in precisely 
the same proportion as it enlarges its bulk; and 

therefi re will have only a half or a third of its 

« 

formei pressure, supposing that as it expands its 
temperature is kept up. Although Mr. Woolf's 
patent contained the erroneous principle which we 
have noticed, yet, so far as his invention suggested 
the idea of employing steam at a very high pres- 
sure, and allowing it to expand in a much greater 
degree than was contemplated either by Watt or 
Homblower, it became the means of effecting a con- 
siderable saving in fuel; for engines used for pumping 
on a large scale, the steam being produced under 
a pressure of forty or fifty pounds or more upon 
the square inch, might be worked first through 
a small space with intense force, and the com- 
munication with the boiler being then cut off, it 
might be allowed, with great advantage, to expand 
through a very large space. Some double-cylinder 
engines upon this principle have been worked in 
Cornwall, with eonsiderable economy. But the 
form in which the expansive principle, combined 
with high pressure, is now applied in the engines 
used for raising water from the mines, is that in 
which it was originally proposed by Watt. A 
single cylinder of considerable length is employed ; 
the piston is driven through a small proportion of 
tnis length by steam, admitted from the boiler at a 
very intense pressure : the steam being then cut off, 
the piston is urged by the expansive force of the 
steam which has been admitted, and is by that 
means brought to the bottom of the cylinder 
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It is evident, under such circumstances, tLat the 
pressure of the steam admitted from the boiler must 
be much greater than the resistance opposed to the 
piston, and that the motion of the piston must, in 
the first instance, be accelerated and not uniform. 
If the piston moved from the commencement with 
a uniform motion, the pressure of the steam urging 
it must necessarily be exactly equal to the resist- 
ance opposed to it, and then cutting off the supply 
of steam from the boiler, the piston could only con- 
tinue its motion by inertia, the steam immediately 
becoming of less pressure than the resistance ; and 
after advancing through a very small space, the 
piston would recoil upon the steam, and come to a 
state of rest. The steam, however, at the moment 
it is cut off being of much greater pressure than the 
amount of resistance upon the piston, will continue 
to drive the piston forward, until by its expansion 
its force is so far diminished as to become equal to 
the resistance of the piston. From that point the 
impelling power of the steam will cease, and the 
piston will move forward by its inertia only. The 
point at which the steam is cut off should there- 
fore be so regulated that it shall acquire a pressure 
equal to the resistance on the piston by its expan- 
sion, just at such a distance from the end of the 
stroke as the piston may be able to move through 
by its inertia. It is evident the adjustment of this 
will require great care and nicety of management 

(79.) In 1797 a patent was granted to the Bev. 
Mr. Cartwrighty a gentleman well known for other 
mechanical inventions, for some improvements in 
the steam-engine. His contrivance is at once so 
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elegant and simple, that, although it has not been 
carried into practice, we cannot here pass it over 
without notice. 

The steam-pipe from the boiler is represented 
cut off at B (fig. 46.) ; T is a spindle- valve for ad- 
mitting steam above the piston, and r is a spindle- 
valve in the piston; "d is a curved pipe forming a 
communication between the cylinder and the con- 
denser, which is of very peculiar construction. Cart- 
wright proposed effecting a condensation without a 
jet, by exposing the steam to contact with a very 
large quantity of cold surface. For this purpose, 
he formed his condenser by placing two cylinders 
nearly equal in size one within the other, allowing 
the water of the cold cistern in which they were 
placed to flow through the inner cylinder, and to 
surround the outer one. Thus the thin space be- 
tween the two cylinders formed the condenser. 

The air-pump is placed immediately under the 
cylinder, and the continuation of the piston-rod 
works its piston, which is solid and without a valve : 
F is the pipe from the condenser io the air-pump, 
through which the condensed st€ n is drawn off 
through the valve g on the ascent of the piston, and 
on the descent, this is forced thiough a tube into a 
hot well, H, for the purpose of feeding the boiler 
through the feed-pipe i. In the top of the hot well 
H is a valve which opens inwards, and is kept closed 
by a ball floating on the surface of the liquid. The 
pressure of the condensed air above the surface of 
the liquid in h forces it through i into the boiler. 
When the air accumulates in too great a degree in 
H, the surface of the liquid is pressed so low that 
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the ball falls and opens the valve, and allows it to 
escape. The air in h is that which is pumped from 
the condenser with the liquid, and which was dis- 
engaged from it. 

Let us suppose the piston at the top of the cylin- 
der : it strikes the tail of the valve t, and raises it, 
while the stem of the piston-valve r strikes the top 
of the cylinder, and is pressed into its seat. A free 
communication is at the same time open between 
the cylinder, below the piston and the condenser, 
through the tube d. The pressure of the steam 
thus admitted above the piston, acting against the 
vacuum below it, will cause its descent. On arriv- 
ing at the bottom of the cylinder, the tail of the 
piston-valve R will strike the bottom, and it will be 
lifted from its seat, so that a communication will be 
opened through it with the condenser. At the 
same moment a projecting spring, k, attached to 
the piston-rod, strikes the stem of the steam-valve 
T, and presses it into its seat. Thus, while the 
further admission of steam is cut off, the steam 
above the piston flows into the condenser, and the 
piston being relieved from all pressure, is drawn up 
by the momen^^m of the fly-wheel, which continues 
the motion .. eceived from the descending force. 
On the ari..?- of the piston again at the top of the 
cylinder, the valve t is opened and r closed, and 
the piston descends as before, bjigL'SO the process is 
continued. 

The mechanism by which motion is communi- 
cated from the piston to the fly-wheel is peculiarly 
elegant On the axis of the fly-wheel is a small 
wheel with teeth, which work in the teeth of an-» 
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other larger wheel l. This wheel is turned by a 
crank, which is worked by a cross-piece attached 
to the end of the piston-rod. Another equal-toothed 
wheel, M, is turned by a crank, which is worked by 
the other end of the cross-arm attached to the pis- 
ton-rod. 

One of the peculiarities of this engine is, that 
the liquid which b used for the production of steam 
in the boiler circulates through the machine without 
either diminution or admixture with any other fluid, 
so that the boiler never wants more feeding than 
what can be supplied from the hot-well h. This 
circumstance forms a most important feature in the 
machine, as it allows of ardent spirits being used in 
the boiler instead of water, which, since they boil at 
low heats, promised a saving of half the fueL The 
inventor even proposed, that the engine should be 
used as a still, as well as a mechanical power,' in 
which case the whole of the fuel would be saved. 

In this engine, the ordinary method of rendering 
the piston steam-tight, by oil or melted wax or tal- 
low poured upon it, could hot be implied, since the 
steam above the piston must always have a free 
passage through the piston-valve R. The ingenious 
inventor therefore contrived a method of making 
the piston steam-tight in the cylinder, without oil 
or stuffing, and his method has since been adopted 
with success in other engines. 

A ring of metal is ground into the cylinder, so- 
as to fit it perfectly, and is then cut into four equal 
segments. The inner surface of this ring being 
slightly conical, another ring is ground into it» so 
as to fit it perfectly, and this is also cut into four 
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segments, and one is placed within the other, but 
in such a manner that the joints or divisions do not 
coincide. The arrangement of the two rings is 
represented in fig. 47« Within the inner ring are 
placed four springs, which press the pieces outward 
against the sides of the cylinder, and are repre- 
sented in the diagram. Four pairs of these rings 
are placed one over another, so that their joints do 
not coincide, and the whole is screwed together by 
plates placed at top and bottom. A vertical section 
of the piston is given in fig. 48. 

One of the advantages of this piston is, that the 
longer it is worked, the more accurately it fits the 
cylinder, so that, as the machine wears it improves. 

Metallic pistons have lately come into very ge- 
neral use, and such contrivances differ very little 
from the above. 
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(80.) In the various modifications of the steam- 
engine which we have hitherto considered, the pres- 
sure introduced on one side of the piston derives its 
efficacy either wholly or partially from the vacuum 
produced by condensation on the other side. This 
always requires a condensing apparatus, and a 
constant and abundant supply of cold water. An 
engine of this kind must therefore necessarily 
have considerable dimensions and weight, and is 
inapplicable to uses ip which a small and light 
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machine only is admissible. If the condensing ap- 
paratus be dispensed with^ the piston will always 
be resisted by a force equal to the atmospheric 
pressure, and the only part of the steam pressure 
which will be available as a moving power, is that 
part by which it exceeds the pressure of the atmo- 
sphere. Hence, in engines which do not work by 
condensation, steam of a m uch higher pressure than 
that of the atmosphere is indispensably necessary, 
and such engines are therefore called high-pressure 
engines. 

We are not, however, to understand that every 
engine, in which steam is used of a pressure exceed- 
ing that of the atmosphere, is what is meant by an 
high-pressure engine; for in the ordinary engines in 
common use, constructed on Watt's principle, the 
safety-valve is loaded with from 3 to 5 lbs. on the 
square inch ; and in Woolf *s engines, the steam is 
produced under a pressure of 40 lbs. on the square 
inch. These would therefore be more properly 
called condensing engines than low-pressure engines; 
a term quite inapplicable to those of Woolf. In 
fact, by high-pressure engines is meant engines in 
which no vacuum is produced, and, therefore, in 
which the piston works against a pressure equal to 
that of the atmosphere. 

In these engines, the whole of the condensing 
apparatus, viz. the cold-water cistern, condenser, 
air-pump, cold-water pump, &c. are dispensed with, 
and nothing is retained except the boiler, cylinder, 
piston, and valves. Consequently, such an engine 
is small, light, and cheap. It is portable also, and 
may be moved, if necessary, along with its load^ 
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and ia therefore well adapted to locomotive pur- 
poses. 

(81.) High-pressure engines were one of the 
earliest modifications of the steam-engine. The 
contrivance, which is obscurely described in the 
article already quoted (27*)9 ^^n^ the Century of 
Inventions, is a high-pressure engine; for the 
powjfr tkere alluded to is the elastic force of steam 
working against the atmospheric pressure. Niew- 
camenfin 1705, applied the working-beam, cylinder, 
and piston to the atmospheric engine; and Leu- 
pold, about 1720, combined the working-beam and 
cylinder with the high-pressure principle, and pro- 
duced the earliest high-pressure engine worked by 
a cylinder and piston. The following b a descrip- 
tion of Leupolds engine : — 

A.i{ftg. 49.) is the boiler, with the furnace beneath it ; c c' are 
two cylinders with solid pistons, r p', connected with the work- 
ing-beams B b', to which are attached the pump-rods, & a', of 
two forcing-pumps, ww\ which communicate with a great 
force.pipe s; a is ^four-way cock {66.') already described. In 
the position in which it stands in the figure, the steam Is issu- 
ing from below the piston p into the atmosphere, and the pis- 
ton is descending by its own weight ; steam from the boiler is 
at the same time pressing up the piston p^, with a force equal to 
the difference between the pressure of the steam and that of the 
atmosphere. Thus the piston it of the fordng-pump is being 
drawn up, and the piston p' is forcing the piston a' down, and 
thereby driving water into the force-pipe s. On the arrival of 
the piston p at the bottom of the cylinder c, and p' at the top 
of the cylinder c', the position of the cock is changed as repre- 
sented in fig. 50. The steam, which has just pressed up the 
pbton p', is allowed to escape into the atmosphere, while the 
steam, passing from the boiler below the piston p, presses it 
up, and thus p ascends by the steam pressure, and p' descends 
by its own weight. By these means the piston & is forced 
down, driving before it the water in the pump-cylinder into 
the force-pipe s, and the piston a' is drawn up to allow ^ 
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other pump-cylinder to be re-filled; and -so the process is 
continued. 

A Talve is placed in the bottom of the foroe>pipes, .to pre- 
Tent the water which has been driven into it from is^m- 
ing. This valve opens upwards ; and, consequently, the weight 
of the water pressing upon it only keeps it more eflectually 
closed. On each descent of the piston, the pressure transmit- 
ted to the valve acting upwards being greater than the weij^t 
of the water resting upon it, forces it open, and an increased 
quantity of water is introduced. 

(82.) From the date of the improvement of Watt 
until the commencement of the present century, 
high-pressure engines were altogether neglected in 
these countries. In the year 1802, Messrs. 7Ve- 
vithick and Vivian constructed the first high-pressur6 
engine which was ever brought into extensive prac- 
tical use in this kingdom. A section of this machine, 
made by a vertical plane, b represented in fig. 51. 

The boiler a b is a cylinder with flat circular ends. The 
fire-place is constructed in the following manner : — A tube 
enters the cylindrical boiler at one end ; and, proceeding on- 
wards, near the other extremity, is turned and recurved, so as 
to be carried back parallel to the direction in which it entered. 
It is thus conducted out of the boiler, at another part of the 
same end at which it entered. One of the ends of this tube 
communicates with the chimney e, which is carried upwards, 
as represented in the figure. The other mouth is iUrnished 
with a door ; and in it is placed the grate, which is fbrAied of 
horizontal bars, dividing the tube into two parts ; the upper 
part forming the fire« place, and the lower the ash. pit. The fuel 
is maintained in a state of combustion, on the bars, in that 
part of the tube represented at c d ; and the flame is carried 
by the draft of the chimney round the curved flue, and issues 
at B into the chimney. The flame is thus conducted through 
the water, so as to expose the latter to as much heat as pos- 
sible. 

A section of the cyliitacr « represented at r, immersed in 
the boiler, except a few incnes of the upper end, where the 
four-way cock o is placed for regulating the admission of the 
steam. A tube is represented at h, which leads from this 
four-way cock into the chimney ; so that the waste steam, after 
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working tbe piston, is carried off tlirough this tube, and 
into the chimney. The upper end of the piston-rod u fur- 
nished with A cross-bar, which is placed in a direction at right 
angles to the length of the boiler, and also to the pisUm-vod. 
This bar is guided in its motion by sliding on two iron perpea* 
dicular rods fixed to the sides of the boiler, and paittllel to 
each other. To the ends of this cross-bar are joined two 
connecting-rods, the lower ends oF which work two onuika 
fixed on an axis extending across and beneath tbe iroiler, and 
immediately under the centre of the cylinder. This axis is 
sustained in bearings formed in the legs which support the 
boiler, and upon its extremity is fixed the fly-wheel as repre- 
sented at B. A large-toothed wheel is placed on this axis ; 
which, lH?ing turned with the cranked axle, communicates 
motion to other wheels ; and, through them, to any machinery 
which the engine may be applied to move. 

As the four- way cock is represented in the figure, the steam 
passes from the boiler through the curved passage a above the 
piston, while the steam below the piston is carried off through 
a tube which does not appear in the figure, by which it is 
conducted to tlie tube ii, and thence to the clumney. The 
steam, therefore, which passes above the piston presses it 
downwards ; while the pressure upwards does not exceed that 
of the atmosphere. The pist^ will therefore descend with 
u force depending on the excess of the pressure of the steam 
produced in the boiler above the atmospheric pressure. When 
tlic piston has arrived at the bottom of the cylinder, the cock 
is made to assume the position represented in tlie figure 52. 
This enbct is produced by the motion of the piston-rod. The 
steam now passes from above the piston, through the tube h, 
into the cliimney, while the steam from the boiler is conducted 
through another tube below the piston. The pressure above 
the piston, in this case, does not exceed that of the atmo- 
sphere ; while the pressure below it will be that of the steam 
in the boiler. The piston will therefore ascend with the 
difference of these pressures. On the arrival of the piston at 
the top of the cylinder, the four-way cock is again turned to 
the position represented in fig. 51., and the piston again 
descends; and in the same manner the process is continued. 
A safety-valve is placed on the boiler at v, loaded with a 
weight, w, proportionate to the strength of the steam with 
which it is proposed to work. 

In the engines now described, this valve was fre- 
quently loaded at the rate of from 60 to 80 lbs. on 
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the square inch. As the boilers of high-pressure en- 
gines were considered more liable to accidents from 
bursting than those in which steam of a lower 
pressure was used, greater precautions were taken 
against such effects. A second safety-valve was 
provided, which was not left in the power of the 
engine-man. By this means he had a power to 
diminish the pressure of the steam, but could not 
increase it beyond the limit determined by the valve 
which was removed from his interference. The 
greatest cause of danger, however, arose from the 
water in the boiler being consumed by evapor 
ation faster than it was supplied; and therefore 
falling below the level of the tube containing the 
furnace. To guard against accidents arising from 
this circumstance, a hole was bored in the boiler, 
at a certain depth, below which the water should 
not be allowed to fall ; and in this hole a plug of 
metal was soldered with lead, or with some other 
metal, which would fuse at that temperature which 
would expose the boiler to danger. Thus, in the 
event of the water being exhausted, so that its level 
would fall below the plug, the heat of the furnace 
would immediately melt the solder, and the plug 
would fall out, affording a vent for the steam, with- 
out allowing the boiler to burst. The mercurial 
steam-gauge, already described, was also used as an 
additional security. When the force of the steam 
exceeded the length of the column of mercury 
which the tube would contain, the mercury would 
be blown out, and the tube would give vent to the 
steam. The water by which the boiler was re- 
plenished was forced into it by a pump worked by 
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the engine. In order to economise the heat, this 
water was contained in a tube t, which surrounded 
the pipe h. As the waste steam, after working the 
piston, passed off through h, it imparted a portion 
of its heat to the water coutained in the tube t, 
which was thus warmed to a certain temperature 
before it was forced into the boiler by the pump. 
Thus a part of the heat, which was originally car- 
ried from the boiler in the form of steam, was 
returned again to the boiler with the water with 
which it was fed. 

It is evident that engines constructed in this 
manner may be applied to all the purposes to which 
the condensing engines are applicable. 

(83.) Two years after the date of the patent of 
this engine, its inventor constructed a machine of 
the same kind for the purpose of moving carriages 
on railroads ; and applied it successfully, in the year 
1804, on the railroad at Merthyr Tydvil, in South 
Wales. It was in principle the same as that al- 
ready described. The cylinder however was in a 
horizontal position, the piston-rod working in the 
direction of the line of road : the extremity of the 
piston-rod, by means of a connecting rod, worked 
cranks placed on the axletree, on which were fixed 
two cogged wheels: these worked in otheriS. by 
which their motion was communicated finauy to 
cogged wheels fixed on the axle of the hind wheels 
of the carriage, by which this axle was kept in a 
state of revolution. The hind wheels being fixed 
on the axletree, and turning with it, were caused 
likewise to revolve; and so long as the weight of 
the carriage did not exceed that which the friction 
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of the road was capable of propelling, the carriage 
would thus be moved forwards. On this axle was 
placed a fly-wheel to continue the rotatory motion 
at the termination of each stroke. The fore wheels 
are described as being capable of turning like the 
fore wheels of a carriage, so as to guide the vehicle. 
The projectors appear to have contemplated, in the 
first instance, the use of this carriage on turnpike 
roads; but that notion seems to have been aban- 
doned, and its use was only adopted on the railroad 
before mentioned. On the occasion of its first trial, 
it drew after it as many cai'riages as contained 10 
tons of iron a distance of nine miles ; which stage 
it performed without any fresh supply of water, and 
travelled at the rate of five miles an hour. 

(84.) Capital and skill have of late years been 
directed with extraordinary energy to the improve- 
ment of inland transport ; and this important instru- 
ment of national wealth and civilisation has received 
a proportionate impulse. Effects are now witnessed, 
which, had they been narrated a few years since, 
could only have been admitted into the pages of 
fiction or volumes of romance. Who could have 
credited the possibility of a ponderous engine of 
iron, loaded with several hundred passengers, in a 
train of carriages of corresponding magnitude, and 
a large quantity of water and coal, taking flight 
from Manchester and arriving at Liverpool, a dis- 
tance of above thirty miles, in little more than an 
hour ? And yet this is a matter of daily and almost 
hourly occurrence. Neither is the road, on which 
this wondrous performance is effected, the most fa- 

I 
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vourable which could be constructed for such ma- 
chines. It is subject to undulations and acclivities, 
ivhich reduce the rate of speed much more than 
similar inequalities affect the velocity on common 
roads. The rapidity of transport thus attained is 
not less wonderful than the weights transported. 
Its capabilities in this respect far transcend the 
exigencies even of the two greatest commercial 
marts in Great Britain. Loads, varying from 50 
to 150 tons are transported at the average rate of 
15 miles an hour; but the engines in this case are 
loaded below their power; and in one instance 
we have seen a load — we should rather say a 
cargo — of waggons, conveying merchandise to the 
amount of 230 tons gross, transported from Liver- 
pool to Manchester at the average rate of 12 miles 
an hour* 

The astonishment with which such performances 
must be viewed, might be qualified, if the art of 
transport by steam on railways had been matured, 
and had attained that full state of perfection which 
such an art is always capable of receiving from 
long experience, aided by great scientific know- 
ledge, and the unbounded application of capital. 
But such is not the present case. The art of con- 
structing locomotive engines, so far from having at- 
tained a state of maturity, has not even emerged 
from its infancy. So complete was the ignorance 
of its powers which prevailed, even among en- 
gineers, previous to the opening of the Liverpool 
railway, that the transport of hea^^ goods was re- 
garded as the chief object of the undertakings and 
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its principal source of revenue. The incredible 
speed of transport, effected even in the very first 
experiments in 1830, burst upon the public, and on 
the scientific world, with all the eflfect of a new and 
unlooked-for phenomenon. On the unfortunate 
occasion which deprived this country of Mr. Hus- 
kisson, the wounded body of that statesman was 
transported a distance of about fifteen miles in 
twenty-five minutes, being at the rate of thirty-six 
miles an hour. The revenue of the road arising 
from passengers since its opening, has, contrary to all 
that was foreseen, been nearly double that which has 
been derived from merchandise. So great was the 
want of experience in the construction of engines, 
that the company was at first ignorant whether they 
should adopt large steam-engines fixed at different 
stations on the line, to pull the carriages from sta- 
tion to station, or travelling engines to drag the 
loads the entire distance. Having decided on the 
latter, they have, even to the present moment, la- 
boured under the disadvantage of the want of that 
knowledge which experience alone can give. The 
engines have been constantly varied in their weight 
and proportions, in their magnitude and form, as 
the experience of each successive month has in- 
dicated. As defects became manifest they were 
remedied; improvements suggested were adopted; 
and each quarter produced engines of such in- 
iCreased power and efficiency, that their predecessors 
were abandoned, not because they were worn out, but 
because they had been outstripped in the rapid 
march of improvement. Add to this, that only one 

i2 
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species of travelling engine has been effectively 
tried; the capabilities of others remain still to be 
developed ; and even that form of engine which has 
received the advantage of a course of experiments 
on so grand a scale to carry it towards perfection, 
is far short of this point, and still has defects, many 
of which, it is obvious, time and experience will re- 
move. If then travelling steam-engines, with all 
the imperfections of an incipient invention — with 
the want of experience, the great parent of practical 
improvements — with the want of the common ad- 
vantage of the full application of the skill and 
capital of the country — subjected to but one great 
experiment, and that experiment limited to one 
form of engine; if, under such disadvantages, the 
effects to which we have referred have been pro- 
duced, what may we not expect from this extraordi- 
nary power,, when the enterprise of the country shall 
be unfettered, when greater fields of experience are 
opened, when time, ingenuity, and capital have re- 
moved the existing imperfections, and have brought 
to light new and more powerful principles ? This 
is not mere speculation on possibilities, but refers 
to what is in a state of actual progression. Rail- 
ways are in progress between the points of greatest 
intercourse in the United Kingdom, and travelling 
0team-engines are in preparation for the common 
turnpike roads ; the practicability and utility of that 
application of the steam-engine having not only 
been established by experiment to the satisfaction 
of their projectors, but proved before the legis- 
lature in a committee of inquiry on the subject. 
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The important commercial and political effects 
attending such increased facility and speed in the 
transport of persons and goods, are too obvious to 
require any very extended notice here. A part of 
the price (and in many cases a considerable part) of 
every article of necessity or ixury, consists of the 
cost of transporting it from the producer to the con- 
sumer ; and consequently every abatement or saving 
in this cost must produce a corresponding reduction 
in the price of every article transported ; that is to 
say, of every thing which is necessary for the sub* 
sistence of the poor, or for the enjoyment of the 
rich, of every comfort, and of every luxury of life. 
The benefit of tibis will extend, not to the consumer 
only, but to the producer : by lowering the expense 
of transport of the produce, whether of the soil or 
of the loom, a less quantity of that produce will be 
spent in bringing the remainder to market, and conse- 
quently a greater surplus will reward the labour of 
the producer. The benefit of this will be felt even 
more by the agriculturist than by the manufac- 
turer ; because the proportional cost of transport of 
the produce of the soil is greater than that of manu- 
factures. If 200 quarters of corn be necessary to 
raise 400, and 100 more be required to bring the 
400 to market, then the net surplus will be 100. 
But if by the use of steam carriages the same quan- 
tity can be brought to market with an expenditure 
of 50 quarters, then the net surplus will be in- 
creased from 100 to 150 quarters ; and either the 
profit of the farmer, or the rent of the landlord, 
must be increased by the same amount. 

I 3 
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But the agriculturist would not merely be benefited 
by an increased return from the soil already under 
cultivation. Any reduction in the cost of trans- 
porting the produce to market would call into culti- 
vation tracts of inferior fertility, the returns from 
which would not at present repay the cost of culti- 
vation and transport. Thus land would become 
productive which is now waste, and an effect would 
be produced equivalent to adding so much fertile 
soil to the present extent of the country. It is well 
known, that land of a given degree of fertility will 
yield increased produce by the increased applica- 
tion of capital and labour. By a reduction in the 
cost of transport, a saving will be made which may 
enable the agriculturist to apply to tracts already 
under cultivation the capital thus saved, and there- 
by increase their actual production. Not only, 
therefore, would such an effect be attended with an 
increased extent of cultivated land, but also with an 
increased degree of cultivation in that which is 
already productive. 

It has been said, that in Great Britain there are 
above a million of horses engaged in various ways 
in the transport of passengers and goods, and that 
to support each horse requires as much land as 
would, upon an average, support eight men. If 
this quantity of animal power were displaced by 
steam-engines, and the means of transport drawn 
from the bowels of the earth, instead of being raised 
upon its surface, then, supposing the above calcu- 
lation correct, as much land would become avail- 
able for the support of human beings as would 
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suffice for an additional population of eight mil- 
lionft ; or, what amounts to the same, would increase 
the means of support of the present population by 
about one third of the present available means. 
The land which now supports horses for transport 
would then support men, or produce com for food. 

The objection that a quantity of land exists in 
the country capable of supportii^ horses alone, and 
that such land would be thrown out of cultivation, 
scarcely deserves notice here. The existence of 
any considerable quantity of such land is extremely 
doubtful. What is the soil which will feed a horse 
and not feed oxen or sheep, or produce food for 
man ? But even if it be admitted that there exists 
in the country a small portion of such land, that 
portion cannot exceed, nor indeed equal, what 
would be sufficient for the number of horses which 
must after all continue to be employed for the pur- 
poses of pleasure, and in a variety of cases where 
steam must necessarily be inapplicable. It is to be 
remembered, also, that the displacing of horses in 
one extensive occupation, by diminishing their price 
must necessarily increase the demand for them in 
others. 

The reduction in the cost of transport of manu- 
factured articles, by lowering their price in the 
market, will stimulate their consumption. This 
observation applies of course not only to home but 
to foreign markets. In the latter we already in 
many branches of manufactures command a mono- 
poly. The reduced price which we shall attain by 
cheapness and facility of transport will still further 

I 4 
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extend and increase our advantages. The neces- 
sary consequence will be, an increased demand for 
manufacturing population ; and this increased popu- 
lation again reacting on the agricultural interests, 
will form an increased market for that species of 
produce. So interwoven and complicated are the 
fibres which form the texture of the highly civilised 
and artificial community in which we live, that an 
effect produced on any one point is instantly trans- 
mitted to the most remote and apparently uncon- 
nected parts of the system. 

The two advantages of increased cheapness and 
speed, besides extending the amount of existing 
trafiic, call into existence new objects of commercial 
intercourse. For the same reason that the reduced 
cost of transport, as we have shown, calls new soils 
into cultivation, it also calls into existence new 
markets for manufactured and agricultural produce. 
The great speed of transit which has been proved 
to be practicable, must open a commerce between 
distant points in various articles, the nature of which 
does not permit them to be preserved so as to be 
fit for use beyond a certain time. Such are, for 
example, many species of vegetable and animal 
food, which at present are confined to markets at a 
very limited distance from the grower or feeder. 
The truth of this observation is manifested by the 
effects which have followed the intercourse by steam 
on the Irish Channel. The western towns of Eng- 
.And have become markets for a prodigious quantity 
of Irish produce, which it had been previously im- 
possible to export If animal food be transported 
alive from the grower to the consumer, the distance 
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of the market is limited by the power of the animal 
to travel, and the cost of its support on the road 
It is only particular species of cattle which bear to 
be carried to market on common roads and by hontt 
carriages. But the peculiar nature of a railway, the 
magnitude and weight of the loads which may be 
transported on it, and the prodigious speed which 
may be attained, render the transport of cattle, of 
every species, to almost any distance, both easy and 
cheap. In process of time, when the railway sys- 
tem becomes extended, the metropolis and populous 
towns will therefore become markets, not as at pre- 
sent to districts within limited distances of them, 
but to the whole country. 

The moral and political consequences of so great 
a change in the powers of transition of persons and 
intelligence from place to place are not easily cal- 
culated. The concentration of mind and exertion 
which a great metropolis always exhibits, will be 
extended in a considerable degree to the whole 
realm. The same effect will be produced as if all 
distances were lessened in the proportion in which 
the speed and cheapness of transit are increased. 
Towns, at present removed some stages from the 
metropolis, will become its suburbs ; others, now at 
a day's journey, will be removed to its immediate 
vicinity ; business will be carried on with as much 
ease between them and the metropolis, as it is now 
between distant points of the metropolis itself. Let 
those who discard speculations like these as wild 
and improbable, recur to the state of public opinion, 
at no very remote period, on the subject of steam 

i5 
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It is obvious that both of these effects may be 
partially produced ; the adhesion of the wheel to 
the road may be insufficient to prevent slipping 
altogether, and yet it ^ may be sufficient to prevent 
the wheel from slipping as fast as it revolves. Un- 
der such circumstances the carriage would advance 
and the wheel would slip. The progressive motion 
of the carriage during one complete revolution of 
the wheel would be equal to the difference between 
the complete circumference of the wheel and the 
portion through which in one revolution it has 
slipped. 

When the construction of travelling steam-en- 
gines first engaged the attention of engineers, and 
for a considerable period afterwards, a notion was 
impressed upon their minds that the adhesion be- 
tween the face of the wheel and the surface of the 
road must necessarily be of very small amount, and 
that in every practical case the wheels thus driven 
would either slip altogether, and produce no ad- 
vance of the carriage, or that a considerable portion 
of the impelling power would be lost by the partial 
slipping or sliding of the wheels. It is singular that 
it should never have occurred to the many ingenious 
persons who for several years were engaged in such 
experiments and speculations, to ascertain by ex- 
periment the actual amount of adhesion in any par- 
ticular case between the wheels and the road. Had 
they done so, we should probably now have found 
locomotive engines in a more advanced state than 
that to which they have attained. 

To remedy this imaginary difficulty, Messrs. TVv- 
vithick and Vivian proposed to make the external 
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rims of the wheels rough and uneven, by surround- 
ing them with projecting heads of nails or bolts, or 
by cutting transverse grooves on them. They pro- 
posed, in cases where considerable elevations were 
to be ascended, to cause claws or nails to project 
from the surface during the ascent, so as to take 
hold of the road. 

In seven years after the construction of the first 
locomotive engine by these engineers, another l6co- 
motive engine was constructed by Mr. Blinkensop, 
of Middleton Colliery, near Leeds. He obtained a 
patent, in 1811, for the application of a rack-raiL 
The railroad thus, instead of being composed of 
smooth bars of iron, presented a line of projecting 
teeth, like those of a cog-wheel, which stretched 
along the entire distance to be travelled. The 
wheels on which the engine rolled were furnished 
with corresponding teeth, which worked in the teeth 
of the railroad ; and, in this way, produced a pro« 
gressive motion in the carriage. 

The next contrivance for overcoming this fictitious 
difficulty, was that of Messrs. Chapman^ who, in the 
year 1812, obtained a patent for working a loco- 
motive engine by a chain extending along the mid- 
dle of the line of railroad, from the one end to the 
other. This chain was passed once round a grooved 
wheel under the centre of the carriage ; so that, 
when this grooved wheel was turned by the engine, 
the chain being incapable of slipping upon it, the 
carriage was consequently advanced on the road. 
In order to prevent the strain from acting on the 
whole length of the chain, its links were made to 
fall upon upright forks placed at certain intiervalsy 
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which between those intervak sustained the ten- 
sion of the chain produced by the engine. Friction- 
rollers were used to press the chain into the groove 
of the wheel, so as to prevent it from slipping. 
This contrivance was soon abandoned, for the very 
obvious reason that a prodigious loss of force was 
incurred by the friction of the chain. 

The following year, lS13,producedacontrivance, 
of singular ingenuity, for overcoming the supposed 
difficulty arising from the want of adhesion between 
the wheels and the road. This was no other than 
a pair of mechanical legs and feet, which were made 
to walk and propel in amanner somewhat resembling 
the feet of an animaL 




v* tbefeet. The foot r hua jmnt at <^ wb[cb cormpcHiib lo 
tbe Hikle ; anUber jcdnt i< pbnd at r, which rormpanda to 
tbe knee ; and a third ia plained at l, which camspondi to Ihe 
bip. Similar joiuti are placed at the convspoading Tetten in 
ttw other leg. The kace.jaint i is attached to tbe cod of tfaa 
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piston of the cylinder. When tlie piston, ifvbich is horizontal, 
is pressed outwards, the leg l presses the foot f against the 
ground, and tlie resistance forces the carriage a onwards. As 
the carriage proceeds, the angle k at the knee becomes larger, 
so that the leg and thigh take a straighter position ; and this 
continues until the piston has reached the end of its stroke. 
At the hip l there is a short lever, l m, the extremity of which 
is connected by a cord or chain with a point, s, placed near 
the shin of the leg. When the piston is press^ into the 
cylinder, the knee, k, is drawn towards the engine, and the 
cord, M, s, is made to lift the foot, f, from the ground ; to 
which it does not return until the piston has arrived at the ex« 
tremity of the cylinder. On the piston being again driven 
out of the cylinder, the foot^ f, being placed on the road, is 
pressed backwards by the force of the piston-rod at k ; but the 
friction of the ground preventing its backward motion, the 
re-action causes the engine to advance : and in the same man- 
ner this process is continued. 

Attached to the thigh, at n, above the knee, by a joint, is 
a horisontal rod, n b, which works a rack, a. This rack has 
beneath it a cog-wheel. Tliis cog-wheel acts in another rack 
below it. By these means, when the knee k is driven from 
the engine, the rack a is moved bachvards; but the cog-wheel, 
acting on the other rack beneath it, will move the latter in the 
contrary directum" The rack a being then moved in the same 
direction with the knee, k, it follows that the other rack will always 
be moved in a contrary direction. The lower rack is connected 
by another horizontal rod with the thigh of the leg, l f^ imme- 
diately above the knee, at m'. When the piston is forced ti»- 
wards, the knee, k\ will thus be forced backwards; and when 
the piston is forced outwards, the knee, k', will be drawn for- 
wards* It therefore follows that the two knees, k and k', 
are pressed alternately backwards and fonoards. The foot, f', 
when the knee, k!, is drawn forward, is lifted by the means 
already described for the foot, f. 

It will be apparent, from this description, that the 
piece of mechanism here exhibited is a contrivance 
derived from the motion of the legs of an animal^ 
and resembling in all respects the fore legs of a 
horse. It is however to be regarded rather as a 
specimen of great ingenuity than as a contrivance 
of practical utility. 
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(86.) It was about this period that the important 
fact was first ascertained that the adhesion or fric- 
tion of the wheels with the rails on which they 
moved was amply sufficient to propel the engine, 
even when dragging after it a load of great weight ; 
and that in such case, the progressive motion would 
be effected without any slipping of the wheels. 
The consequence of this fact rendered totally use- 
less all the contrivances for giving wheels a pur- 
chase on the road, such as racks, chains, feet, &c. 
The experiment by which this was determined ap- 
pears to have been first tried on the Wylam rail- 
road; where it was proved, that, when the road 
was level, and the rails clean, the adhesion of the 
wheels was sufficient, in all kinds of weather, to 
propel considerable loads. By manual labour it 
was first ascertained how much weight the wheels of 
a common carriage would overcome without slipping 
round on the rail ; and having found the proportion 
which that bore to the weight, they then ascertained 
that the weight of the engine would produce suf- 
ficient adhesion to drag after it, on the railroad, the 
requisite number of waggons.* 

In 1814, an engine was constructed at Killing- 
worth, by Mr. StephensoUy having two cylinders 
with a cylindrical boiler, and working two pair of 
wheels, by cranks placed at right angles ; so that 
when the one was in full operation, the other was 
at its dead points. By these means the propelling 
power was always in action. The cranks were 
maintained in this position by kn endless chains 

• Wood on Railroads, 2d edit ^ 
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which passed round two cogged wheels placed under 
the engine, and which were fixed on the same axles 
on which the wheels were placed. The wheels in 
this case were fixed on the axles, and turned with 
them. 

Tills engine is represented in fig. 54., the sides being open, 
to render the interior mechanism visible, a b is the cylin- 
drical boiler; c c are the working cylinders ; d e are the cog- 



/■* — ■» 




ged wheels fixed on the axle of the wheels of the engine, and 
surrounded by the endless chain. These wheels being equal 
in magnitude, perform their revolutions in the same time ; so 
that, when the crank, f, descends to the lowest point, the 
crank, o, rises from the lowest point to the horizontal position, 
D ; and, again, when the crank, f, rises from the lowest point 
to the horizontal position, b, the other crank rises to the highest 
point ; and so on. A very beautifal contrivance was adopted 
in this engine, by which it was suspended on springs of steam. 
Small cylinders, represented at h, are screwed by flanges to 
one side of the boiler, and j)roject within it a few inches ; they 
have free communication at the top with the water or steam of 
the boiler. Solid pistons are represented at i, which move 
steam-tight in these cylinders ; the cylinders are open at the 
bottom, and the piston *rods are screwed on the carriage of the 
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enginCf over the axle of each pair of wheels, the pirtom being 
presented ujiwnrd!. Aa tlie engine ia fepresented in the 
figure, it U bUpported on four pktotis, two m mtch side. The 
[Mstons an pressed upon by tile water or steoni which occupiei 
Ibe tipper chamber of the cylinder ; and the lalUr being elutic 
in a hi{;h degree, ibe engine haa all the advantage of spring 
suapenaion. The defect of thia method of supponing (he 

necessBiy for the support of the machine, [he pislona ate forced 
iota ihe cjliiiders, and the boCtoms of tbe cyllndera bear upon 
ibaa. All tpring luspenaion is then loit. This mode of 
Niipediion has contequently since been laid aaide. 

In an engine eubsequenfly constructed by Mr. 
Stephenson, for the KiUingwortfi railroad, the mode 
adopted of connecting the wheels by an endless 
chain and cog-wheels was abandoned i and the same 
effect was produced by connecting the two cranks 
by a straight rod. All such contrivances, however, 
have this great defect, that, if the fore and hind 
wheels be not conBtructed wiih dimensions accu- 
rately equal, there must necessarily be a slipping 
or dragging on the road. The nature of the ma- 
chinery requires that each wheel should perform its 
revolution exactly in the same time ; and conse- 
quently, in doing so, must pass over exactly equal 
lengths of the road. If, therefore, the circum- 
ference of the wheels be not accurately equal, that 
wheel which has the lesser circumference must be 
dragged along so much of the road as that by which 
it falls short of the circumference of the greater 
wheel ; or, on the other hand, the greater wheel 
must be dragged in the opposite direction, to com- 
pensate for the same difference. As no mechanism 
can accomplish a perfect equality in foufj much 
less in sis, wheels, it may be assumed tiiat a great 
portion of that dragging effect ia a necessary con- 
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seqaebce of the principle of this machine ; and even 
were the wheels, in the first instance, accurately 
eoDstnicted, it is not possible that their wear could 
be 80 exactly uniform as to continue equal. 

(87.) The next stimulus which the progress of 
this invention received, proceeded from the great 
national work undertaken at Liverpool, by which 
that town and the extensive commercial mart of 
Manchester were connected by a double line' of 
railway. When this project was undertaken, it was 
not decided what moving power it might be most 
expedient to adopt as a means of transport on the 
proposed road : the choice lay between horse power, 
fixed steam-engines, and locomotive engines; but 
the first, for many obvious reasons, was at once 
rejected in favour of one or other of the last two. 

The steam-engine may be applied, by two distinct 
methods, to move waggons either on a turnpike road 
or on a railway. By the one method the steam- 
engine is fixed, and draws the carriage or train of 
carriages towards it by a chain extending the whole 
length of road on which the engine works. By this 
method the line of road over which the transport is 
conducted is divided into a number of short inter- 
vab, at the extremity of each of which an engine 
is placed. The waggons or carriages, when drawn 
by any engine to its own station, are detached, and 
connected with the extremity of the chain worked 
by the next stationary engine ; and thus the jour- 
ney is performed, from station to station, by se- 
parate engines. By the other method the same 
engine draws the load the whole journey, travelling 
wiUi it. 
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The Directors of the Liverpool and Manchester 
railroad, when that work was advanced towards its 
completion, employed, in the spring of the year 
1829, Messrs. Stephenson and Lock and Messrs. 
Walker and JRastrick, experienced engineers, to 
visit the different railways where practical inform- 
ation respecting the comparative effects of stationary' 
and locomotive engines was likely to be obtained ; 
and from these gentlemen they received reports on 
the relative merits, according to their judgment, of 
the two methods. The particulars of their calcu- 
lations are given at large in the valuable work of 
Mr. Nicholas Wood on railways ; to which we refer 
the reader, not *nly on this, but on many other 
subjects connected with the locomotive steam-engine 
into which it would be foreign to our object to enter. 
The result of the comparison of the two systems 
was, that the capital necessary to be advanced to 
establish a line of stationary engines was consider- 
ably greater than that which was necessary to es- 
tablish an equivalent power in locomotive engines ; 
that the annual expense by the stationary engines 
was likewise greater ; and that, consequently, the 
expense of transport by the latter was greater, in a 
like proportion. The subjoined table exhibits the 
results numerically : — 





Capital. 


Annual 
Expense. 


Expense of taking 
a Ton of Goods 
one Mile. 


Locomotive Engines - 
Stationary Engines 

Locomotive System -less 


£ t. d 

58,000 
121,496 7 


£ s. d- 
2.\517 8 2 
42,031 16 5 


0*164 of a penny. 
0-269 


63,496 7 


1G,514 8 3 


0*106 
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On the score of economy, therefore, the system 
of locomotive engines was entitled to a prefer- 
ence; but there were other considerations which 
conspired with this to decide the choice of the 
Directors in its favour. An accident occurring in 
any part of a road worked by stationary engines 
must necessarily produce a total suspension of work 
along the entire line. The most vigilant and active 
attention on the part of every workman, however 
employed, in every part of the line, would there- 
fore be necessary ; but, independently of this, ac- 
cidents arising from the fracture or derangement of 
any of the chains, or from the suspension of the 
working of any of the fixed engines, would be 
equally injurious, and would effectually stop the 
intercourse along the line. On the other hand, in 
locomotive engines an accident could only affect the 
particular train of carriages drawn by the engine 
to which the accident might occur ; and even then 
the difficulty could be remedied by having a supply 
of spare engines at convenient stations along the 
line. It is true that the prohahility of accident is, 
perhaps, less in the stationary than in the locomotive 
system ; but the injurious consequencesy when acci- 
dent does happen, are prodigiously greater in the 
former. " The one system, " says Mr. Walker^ 
" is like a chain extending from Liverpool to Man- 
chester, the failure of a single link of which would 
destroy the whole ; while the other is like a number 
of short and unconnected chains," the destruction 
of any one of which does not interfere with the effect 
of the others, and the loss of which maybe supplied 
with facility. 
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The decision of the Directors was, therefore, in 
favour of locomotive engines ; and their next mea- 
sure was to devise some means by which the in- 
ventive genius of the country might be stimulated 
to supply them with the best possible form of en- 
gines for this purpose. With this view, it was 
proposed and carried into effect to offer a prize for 
the best locomotive engine which might be pro- 
duced under certain proposed conditions, and to 
appoint a time for a public trial of the claims of 
the candidates. A premium of 500/. was accord- 
ingly offered for the best locomotive engine to run 
on the Liverpool and Manchester Railway ; under 
the condition that it should produce no smoke: 
that the pressure of the steam should be limited to 
50 lbs. on the inch ; and that it should draw at least 
three times its own weight, at the rate of not less 
than ten miles an hour ; that the engine should be 
supported on springs, and should not exceed fifteen 
feet in height. Precautions were also proposed 
against the consequences of the boiler bursting; 
and other matters, not necessary to mention more 
particularly here. This proposal was announced in 
the spring of 1829, and the time of trial was ap- 
pointed in the following October. The engines 
which underwent the trial were, the Rocket, con- 
structed by Mr. Stephenson; the Sanspareil, by 
Hackworth; and the Novelty, by Messrs. Braith' 
wait and Ericson. Of these, the Rocket obtained 
the premium. A line of railway was selected for 
the trial, on a level piece of road about two miles 
in length, near a place called Rainhill, between Li- 
verpool and Manchester; the distance between the 
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two stations was a mile and a half, and the engine 
had to travel this distance backwards and forwardu 
ten times, which made altogether a journey of SO 
miles. The Rocket performed this journey twice : 
the first time in 2 hours 14< minutes and 8 seconds ' 
and the second time, in 2 hours 6 minutes and 49 
seconds. Its speed at different parts of the journey 
varied : its greatest rate 'of motion was rather above 
29 miles an hour ; and its least, about 11^ miles an 
hour. The average rate of the one journey was 
IS-^jj miles an hour; and of the other, 14^^^ miles. 
This was the only engine which performed the 
complete journey proposed, the others having been 
stopped from accidents which occurred to them in 
the experiment. The Sanspareil performed the 
distance between the stations eight times, travelling 
22^ miles in 1 hour 37 minutes and 16 seconds. 
The greatest velocity to which this engine attained 
was something less than 23 miles per hour. The 
Novelty had only passed twice between the stations 
when the joints of the boiler gave way, and put an 
end to the experiment. 

(88.) The great object to be attained in the con- 
struction of these engines was, to combine with suf- 
ficient lightness the greatest possible heating power. 
The fire necessarily acts on the water in two ways : 
first, by its radiant heat ; and, second, by the cur- 
rent of heated air which is carried by the draft 
through the fire, and finally passes into the chim- 
ney. To accomplish this object, therefore, it is 
necessary to expose to both these sources of heat 
the greatest possible quantity of surface in contact 
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with the water. These ends were attained by the 
followiDg admirable arrangemeDt in the Rocket: — 

This engine !■ represented in Gg. 55. It is supported on 
four irhoels; the principal part of tbewdgbt being thrown iin 
one pair, which ate worked by the engine. The boiler consists 
of a cylinder 6 feel in length, with flat ends; the chimney 
issues from one end, and to the other end is attached a square 
box, B, the bottom of which is Funuabed with the grate on 
which the tue\ is placed. This box is composed of two casings 
of iron, one contained within the other, having between them 
a space about S inches in breadth ; the magnitude of the box 
being 3 feet in length, Sfeet in width, and 3 <eet in depth. 
The L-a^ng which surrounds the box cotmaunicatea with the 
lower part of the boiler by a pipe mailed c; and the sstne 
casing at the top of the box communicatea with the upper pait 
of the boiler by anotber pipe marked D. When water is admitted 
ialo the boiler, therefore, it flows freely, through llie [Upe a. 
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Fig- 36. 




lin nnnnn, 



into the casing which surrounds the furnace or fire-box, and 
fills this casing to the same level as that which it has in the 
boiler. When the engine is at work, the boiler is kept about 
half filled with water; and, consequently, the casing sur- 
rounding the furnace is completely filled. The steam which 
is generated in the water contained in the casing finds its exit 
through the pipe d, and escapes into the upper part of the 
boiler. A section of the engine, taken at right angles to its 
length, is represented at fig. 5Q, 
Through the lower part of the 
boiler pass a number of copper 
tubes of small size, which com- 
municate at one end with the 
fire-box, and at the other with the 
chimney, and form a passage for 
the heated air from the furnace to 
the chimney. The ignited fuel 
spread on the grate at the bottom 
of the fire-box disperses its heat _ j- 
by radiation, and acts in this man- H 
ner on the whole surface of the 
casing surrounding the fire-box ; 
and thus raises the temperature of the thin shell of water con- 
tained in that casing. The chief part of the water in the 
casing, being lower in its position than the water in the boiler, 
acquires a tendency to ascend when heated, and passes into the 
boiler ; so that a constant circulation of the heated water is 
maintained, and the water in the boiler must necessarily be 
kept at nearly the same temperature as the water in the 
casing. The air which passes through the burning fuel, and 
which fills the fire-box, is carried by the draft through the 
tubes which extend through the lower part of the boiler ; and 
as these tubes are surrounded on every side with the water 
contained in tlie boiler, this air transmits its heat through these 
tubes to the water. It finally issues into the chimney, and 
rises by the draft. The power of this furnace must neces- 
sarily depend on the power of draft in the chimney ; and to 
increase this, and at the same time to dispose of the waste 
steam after it has worked the piston, this steam is carried off 
by a pipe, l, which passes from the cylinder to the chimney, 
and escapes there in a jet which is turned upwards. ^ By the 
velocity with which it issues from this jet, and by its great 
comparative levity, it produces a strong current upwards in 
the chimney, and thus gives force to the draft of the furnace. 
In fig. 5^, tlie grate-bars are represented at the bottom of the 
fire-box at p. There are two cylinders, one of which works 
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each wheel ; one only appearing in the drawing, fig. 55., the 
other being concealed by the engine. The spokes which 
these cylinders work are placed at right angles on the wheels ; 
the wheels being fixed on a common axle, with which they 
turn. 

In this engine, the surface of water surrounding 
the fire-box, exposed to the action of radiant heat, 
amounted to 20 square feet, which received heat 
from the surface of 6 square feet of burning fuel on 
the bars. The surface exposed to the action of the 
heated air amounted to 1 18 square feet. The engine 
drew after it another carriage, containing fuel ana 
water; the fuel used was coke, for the purpose o 
avoiding the production of smoke. 

(89.) The Sanspareil of Mr. Hackworth is repre- 
sented in fig. 57.; the horizontal section being ex- 
hibited in fig. 58. 

The draft of the furnace is produced in the same manner 
as in the Rocket, by ejecting the waste steam coming from 
the cylinder into the chimney ; the boiler, however, differs 
considerably from that of the Rocket. A recurved tube passes 
through the boiler, spmewhat similar to that already described 
in the early engine oi Messrs. Trevethick and Vivian. In the 
horizontal section (fig. 58.), d expresses the opening of the 
furnace at the end of the boiler, beside the chimney. The 
grate-bars appear at a, supporting the burning fuel ; and a 
curved tube passing through the boiler, and terminating in the 
chimney, is expressed at b, the direction of the draft being 
indicated by the arrow ; c is a section of the chimney. The 
cylinders are placed, as in the Rocket, on each side of the 
boiler ; each working a separate wheel, but acting on spokes 
placed at right angles to each other. The tube in which the 
grate and flue are placed diminishes in diameter as it ap- 
proaches the chimney. At thp mouth where the grate was 
placed, its diameter was 2 feet ; and it was gradually reduced, 
so that, at the chimney, its diameter was only 15 inches. Th3 
grate<bars extended 5 feet into the tube. The surface of 
water exposed to the radiant heat of the fire was 16 square 
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or sheet of buming fuel wUch radiated beat, wai 10 sqiun 
feet. 

(90.) The Novelty, ot Messrs. Braii/aoaUe and 
Ericson, U represented in fig. 59. ; and a secUon of 
the generator and boiler is eshtbited in fig. 60. ! the 
correHponding parts in the two iiguies are marked 
by the same letters. 




A is the generator, or recdTcr, contuning Ibe sleun which 
works the engine j ltd* conuouniartes with a lower generator, 
B, which eiCends in a boriiODtkl direction tbe entire length of 
the carriage. Within tbe gcaenlor, a, i> contained the fai- 
nace, r, which communicMa in ktube, c; carried up tbiDugh 
the generator, and terminated at tbe top by eliding Bhutters, 
which exclude the air, and which are onl; opened to supply 
fuel (0 the grate, r. Below the giate the furoace is not open, 
IS usual, to the atmoaphere, but communicates bjr a tube, ■, 
with a bellows, n ; which is worked bf the engine, and which 
forces a constant stream of air, 1^ the tube a, through tbe fuel 
on r, so as to keep that fuel in lind combustion. Ihe healed 
air contained in the ftiraace, r, is driven on, h; the same forn^ 
through a small curved tube marked a, which dtculates like a 
worm (as represented in Gg. SO.) through the horitoataT gene- 
rato or receiier; and, tapering gradually, until reduced to 
Terj imsll dimensions, it fiittlly iiniea into tiie chimney, a> 
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con^derabl; reduced lempemlure when dticbargecl Into the 
chimnef . Tbe cylinder, whicb is repreeenled at s, wDrks one 
pair of wheels, hy means of ■ beU-cnnk j the other pair, 
when necessarj, being connected with them. 

In (his engine, the magnitude of the auiface of btiming fuel 
on the grate-bara is less than 2 square feet; the surbce ei< 
posed to radiant heat is 9i square feet; and the mifaceoC 
water exposed to heated air is al>out 33 square feet. 

The Buperiority of the Rocket may be attributed 
chiefly to the greater quantity of aurfaoe of the 
vater which is exposed to the action of the fire, ' 
With a leaa extent of grate-barB than the Sanspareili 
in the proportion of 3 to 5, it exposes a greater 
surface of water to radiant heat, in the proportion 
of 4^ to 3 ; and a greater surface of water to heated 
air, in the proportion of more than 3 to 2. It waa 
found that the Rocket, compared with the Sang' 
pareil, consumed fuel, in the evaporation of a given 
quantity of water, in the proportion of 11 to 28. 
The suggestion of using the tubes to conduct through 
the water the heated air to the chimney is due to 
K 3 
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Mr. Booihy treasurer of the Liverpool and Man* 
Chester Railway Company ; and, certainly, nothing 
has been more conducive to the efficiency of the 
engines since used than this improvement. It is 
much to be regretted that the ingenious gentleman 
who suggested thb has reaped none of the advan- 
tages to which a patentee would be legally en* 
titled.* 

(91.) The great object to be effected in the 
boilers of these engines is, to keep a small quan- 
tity of water at an excessive temperature, by means 
of a small quantity of fuel kept in the most active 
state of combustion. To accomplish this, it is 
necessary, first, so to shape the boiler, furnace, and 
flues, that the water shall be in contact with as 
extensive a surface as possible, every part of which 
is acted on either immediately, by the heat radiating 
from the fire, or mediately, by the air which has 
passed through the fire, and which finally rushes 
into the chimney : and, secondly, that such a forcible 
draft should be maintained in the furnace, that a 
quantity of heat shall be extricated from the fuel, 
by combustion, sufficient to maintain the water at 
the necessary temperature, and to produce the 
steam with sufficient rapidity. To accomplish these 
objects, therefore, the chamber containing the grate 
should be completely surrounded by water, and 
should be below the level of the water in the boiler. 
The magnitude of the surface exposed to radiation 

* Mr. Booth received a part of the premium of 500^, but 
has not participated in any degree in the profits of the manu- 
facture of the engines. 
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should be as great as is consistent with the whole 
magnitude of the machine. The comparative ad- 
vantage which the Rocket possessed in these re- 
spects over the other engines will be evident on 
inspection. In the next place, it is necessary that 
the heat, which is absorbed by the air passing 
through the fuel, and keeping it in a state of com- 
bustion, should be transferred to the water before 
the air escapes into the chimney. Air being a bad 
conductor of heat, to accomplish this it is necessary 
that the air in the flues should be exposed to as 
great an extent of surface in contact with the water 
as possible. No contrivance can be less adapted 
for the attainment of this end than one or two large 
tubes traversing the boiler, as in the earliest loco- 
motive engines: the body of air which passed 
through the centre of these tubes had no contact 
with their surface, and, consequently, passed into 
the chimney at nearly the same temperature as that 
which it had when it quitted the fire. The only 
portion of air which imparted its heat to the water 
was that portion which passed next to the surface 
of the tube. 

Several methods suggest themselves to increase 
the surface of water in contact with a given quan- 
tity of air passing through it This would be 
accomplished by causing the air to pass between 
plates placed near each other, so as to divide the 
current into thin strata, having between them strata 
of water, or it might be made to pass between tubes 
differing slightly in diameter, the water passing 
through an inner tube, and being also in contact 

K 4 
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with the external surface of the outer tube. Such a 
method would be similar in principle to the steam- 
jacket used in Watt*s steam-engines, or to the con- 
denser of Cartioright*8 engine already described. 
But, considering the facility of constructing small 
tubes, and of placing them in the boiler, tiiat me- 
thod, perhaps, is, on the whole, the best in practice ; 
although the shape of a tube, geometrically con- 
sidered, is most unfavourable for the exposure of a 
fluid contained in it to its surface. The air which 
passes from the fire-chamber, being subdivided as 
it passes through the boiler by a great number of 
very small tubes, may be made to impart all its 
excess of heat to the water before it issues into the 
chimney. This is all which the most refined con- 
trivance can effect. The Rocket engine was tra- 
versed by 25 tubes, each 3 inches in diameter; 
and the principle has since been carried to a much 
greater extent. 

The abstraction of a great quantity of heat from 
the air before it reaches the chimney is attended 
with one consequence, which, at first view, would 
present a difficulty apparently insurmountable ; the 
chimney would, in fact, lose its power of draft. 
This difficulty, however, was removed by using 
the waste steam, which had passed from the cy- 
linder after working the engine, for the purpose of 
producing a draft. This steam was urged through 
a jet presented upwards in the chimney, and driven 
out with such force in that direction as to create a 
sufficient draft to work the furnace. 

It will be observed that the principle of draft in 
the Novelty is totall:[r distinct from this ; in that en- 
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gine the draft is produced by a bellows worked by 
the engine. The question, as far as relates to these 
two methods, is, whether more power is lost in sup- 
plying the steam through the jet, as in the Rocket, 
or in working the bellows, as in the Novelty. The 
force requisite to impel the steam through the jet 
must be exerted by the returning stroke of the pis- 
ton, and, consequently, must rob the working effect 
to an equivalent amount. On the other hand, the 
power requisite to work the bellows in the Novelty 
must be subducted from the available power of the 
engine. The former method is found to be the 
more effectual and economical. 

The importance of these details will be under- 
stood, when it is considered that the only limit to 
the attainment of speed by locomotive engines is the 
power to produce in a given time a certain quantity 
of steam. Each stroke of the piston causes one 
revolution of the wheels, and consumes two cylinders 
full of steam: consequently, a cylinder of steam 
corresponds to a certain number of feet of road trar 
veiled over: hence it is that the production of a 
rapid and abundant supply of heat, and the impart- 
ing of that heat quickly and effectually to the water, 
is the key to the solution of the problem to construct 
an engine capable of rapid motion. 

The method of subdividing the flue into tubes 
was carried much further by Mr. Stephenson after 
the construction of the Rocket; and, indeed, the 
principle was so very obvious, that it is only sur- 
prising that, in the first instance, tubes of smaller 
diameter than 3 inches were not used. In engines 
since constructed, the number of tubes vary from 

K 5 
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90 to 1 "20, the diameter being reduced to 2 inches 
or less, and in some instances tubes have been in- 
troduced, even to the number of 150, of 1^ inch 
diameter. In the Meteor, 20 square feet are ex- 
posed to radiation, and 139 to the contact of heated 
air ; in the Arrow, 20 square feet to radiation, and 
145 to the contact of heated air. The superior 
economy of fuel gained by this means will be appa- 
rent by inspecting the following table, which exhibits 
the consumption of fuel which was requisite to con- 
vey a ton weight a mile in each of four engines, 
expressing also the rate of the motion : — 



Engines. 


Average rate of 
speed in miles 
per hour. 


Consumption of 
Coke in pounds 
per ton per mile. 


No. 1. Rocket 

2. Sanspareil 

3. Phoenix- 

4. Arrow 


14 
15 
12 
12 


2-41 
2-47 
1-42 
1-25 



(92.) Since the period at which the railway was 
opened for the actual purposes of transport, the lo- 
comotive engines have been in a state of progressive 
improvement. Scarcely a month has passed without 
suggesting some change in the details, by which 
fuel might be ecohomised, the production of steam 
rendered more rapid, the wear of the engine ren- 
dered slower, the proportionate strength of the 
different parts im'proved, or some other desirable 
end obtained. The consequence of this has been, 
that the particular engines to which we have alluded, 
and others of the same dass, without having, as it 
were, lived their natural life, op without having been 
worn out by work, have been laid aside to give 
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place to others of improved powers. By the ex- 
posure of the cylinders to the atmosphere in the 
Rocket, and engines of a similar form, a great waste 
of heat was incurred, and it was accordingly deter- 
mined to remove them from the exterior of the 
boiler, and to place them within a casing inmiedi- 
ately under the chimney: this chamber was neces- 
sarily kept warm by its proximity to the end of the 
boiler, but more by the current of heated air which 
constantly rushed into it from the tubes. This 
change, also, rendered necessary another, which im- 
proved the working of the engine. In the earlier 
engines the motion of the piston was communicated 
to the wheel by a connecting rod attached to one of 
the spokes on the exterior of the wheel, as repre- 
sented in fig. 55» By the change to which we have 
just alluded, the cylinders being placed between the 
wheels under the chimney, this mode of working 
became inapplicable, and it was considered better 
to connect the piston-rods with two cranks placed 
at right angles on the axles of the great wheeb. By 
this means, it was found that the working of the 
machine was more even, and productive of less 
strain than in the former arrangement On the 
other hand, a serious disadvantage was incurred by 
the adoption of a cranked axle. The weakness ne- 
cessarily arising from such a form of axle could only 
be counterbalanced by great thickness and weight 
of metal ; and even this precaution does not prevent 
the occasional fracture of such axles at the angles 
of the cranks. The advantages, however, of this 
plan, on the whole, are considered to predominate* 
In the most improved engines in present use two 
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safety valves are provided^ of which one only is in 
the power of the engine-man. • The tubes being 
smaller and more numerous than in the earlier en- 
gines, the heat is more completely extracted from 
the air before it enters the chimney. A powerful 
draft is rendered still more necessary by the small- 
ness of the tubes : this is effected by forcing the 
steam which has worked the pistons through a con- 
tracted orifice, presented upwards in the chimney, 
by the regulation of which any degree of draft may 
be obtained. 

One of the most improved engines at present in 
use is represented in fig. 61. 

A represente the cylindrical boiler, the lower half of which 
is trayersed by tubes, as described in the Rocket. They are 
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usually from 80 to 100 in number, and about 1} inch in dia- 
meter ; the boiler is about 7 feet in length ; the fire-chamber 
is attached to one end of it, at f, as in the Rocket, and similar 
in construction ; the cylinders are inserted in a chamber at the 
other end, immediately under the chimney. The piston-rods 
are supported in the horizontal position by guides ; and con« 
necting rods extend from them, under the engine, to the two 
cranks placed on the axle of the large wheels, llie effects of 
any inequality in the road are counteracted by springs, on 
which the engine rests ; the springs being below the axle of 
the great wheels, and above that of the less. The steam is 
supplied to the cylinders, and withdrawn, by means of the 
common sliding vaWes, which are worked by an eccentric 
wheel placed on the axle of the large wheels of the carriage. 
The motion is communicated from this eccentric wheel to the 
valve by sliding rods. The stand is placed for the attendant at 
the end of the engine, next* the fire-place, f; and two levers, l» 
project from the end, which communicate wldi.the Yalvea by 
means of rods, by which the engine is governed, so as to stop 
or reverse the motion. 

The wheels of these engines have been commonly con- 
structed of wood, with strong iron tires, furnished with flanges 
adapted to the rails. But Mr. Stephemon has recently substi- 
tuted, in some instances, wheels of iron with hollow spokes. 
Tlie engine draws after it a tender carriage containing the fuel 
and water ; and, when carrying a light load, is capable of per- 
forming the whole journey from Liverpool to Manchester 
without a fresh supply of water. When a heavy load of mer- 
chandise is drawn, it is usual to take in water at the middle of 
the trip. 

(93.) In reviewing all that has been stated, it will 
be perceived that the eflEiciency of the locomotive 
engines used on this railway is mainly owing to 
three circumstances: 1st, The unlimited power of 
draft in the furnace, by projecting the waste stcaip 
into the chimney ; 2d, The unlimited abstraction of 
heat from the air passing from the furnace, by Mr. 
Sooih*s ingenious arrangement of tubes traversing 
the boiler ; and, 3d, Keeping the cylinders warm, 
by immersing them in the chamber under the chim* 
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ney.* There are many minor details which might 
be noticed with approbation, but these constitute 
the main features of the improvements, and should 
never, for a moment, be lost sight of by projectors 
of locomotive engines. 

The successive introduction of improvements in 
the engines, some of which we have mentioned, has 
been accompanied by corresponding accessions to 
their practical power, and to the economy of fuel ; 
and they have now arrived at a point which is as far 
beyond the former expectations of the most sanguine 
locomotive projectors, as it assuredly is short of the 
perfection of which these wonderful machines are 
still susceptible. 

In the spring of the year 1832, I made several 
experiments on the Manchester railway, with a view 
to determine, in the actual state of the locomotive 
engines at that time, their powers with respect to 
the amount of load and the economy of fuel. Since 
that time I am not aware that, in these respects, the 
engine has received any very material improvement. 
The following are the particulars of three experi- 
ments thus made :— 

L 

On Saturday, the 5th of May, the engine called the " Vic- 
tory'* took ^ waggons of merchandise, weighing gross 
92 tons 19 cwt. 1 qr., together with the tender containing 
fuel and water, of the weight of which I have no account, 



* Mr. Robert Stephenson, whose eiperience and skill in 
the construction of locomotives must justly give great weight 
to his authority, attaches great importance to this condition. 
It has lately, however, been abandoned by some other engine 
makers, for the purpose of getting rid of the cranked axle 
which must accompany it. 
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from Liverpool to Manchester (30 miles), in 1 b. 34 min- 
45 sec. The train stopped to take in water half-way, for 
10 minutes, not included in the above-mentioned time. On 
the inclined plane rising 1 in 96, and extending H mile, the 
engine was assisted by another engine called the ** Samson,*' 
and the ascent was performed in 9 minutes. At starting, the 
fire-place was well filled with coke, and the coke supplied to 
the tender accurately weighed. On arriving at Manchester 
the fire-place was again filled, and the coke remaining in the 
tender weighed. The consumption was found to amount to 
929 pounds net weight, being at the rate of one third of a 
pound per ton per mile. 

Speed on the level was 18 miles an hour ; on a fall of 4 feet 
in a mile, 21§ miles an hour; fall of 6 feet in a mile, 25 J 
miles an hour ; on the rise over Chatmoss, 8 feet in a mile, 
17{ miles an hour; on level ground sheltered horn the wind, 
20 miles an hour. The wind was moderate, biQt direct ahead. 
The working wheels slipped three timet on Chatmoss, and the 
train was retarded from 2 to 3 minutes. 

The engine, on this occasion, was not examined before or 
after the journey, but was presumed to be in good working 
order. 

II. 

On Tuesday, the 8th of May, the same engine performed 
the same journey, with 20 waggons, weighing gross 90 tons 
7 cwt. 2 qrs., exclusive of the unascertained weight of the 
tender. The time of the journey was I h. 41 min. The 
consumption of coke 1040 lbs. net weight, estimated as be- 
fore. Rate of speed : — 

Level - - 17f miles per hour. 

Fall of 4 feet in a mile - 22 

6 - - 22J 

RiseofS - - . 15 

On this occasion there was a high wind ahead on the quar- 
ter, and the connecting rod worked hot, owing to having been 
Keyed too tight. On arriving at Manchester, ^ I caused the 
cylinders to be opened, and found that the pistons were so 
loose, that the steam blew through the cylinders with great 
violence. By this cause, therefore, the machine was robbed 
of a part of its power during the journey ; and this circum- 
tance may explain the slight decrease in speed, and increase in 
the consumption of fuel, with a lighter load in this journey 
compared with that performed on the 5th of May. 

lie Victory weighs 8 tons 2- cwt., of which 5 tons 4 cwt. 
rest on the drawing wheels. The cylinders are 11 inches 
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diameter, and 16 inches stroke , and the diameter of the draw- 
ing wheels is 5 feet 

III. 

On the 29th of May, the engine called the ** Samson ** 
(weighing 10 tons 2 cwt., with 14-inch cylinders, and 16-indi 
stroke ; wheels 4 feet 6 inches diameter, both pairs being 
worked by tlie engine; steam 50 lbs. pressure, 130»tubes) 
was attached to 50 waggons, laden with merchandise; net 
weight about 150 tons; gross weight, including waggons, 223 
ions 6 cwt. The tender weighed 7 tons, making a gross load 
(including the engine) of 240 tons 8 cwt. The engine with 
this load traYelled from Liverpool to Manchester (SO miles) in 
S h. and 40 min. , exclusive of delays upon the road for water- 
ing, &c., being at the rate of nearly 1 2 miles an hour. The 
speed varied according to the inclinations of the road. Upon 
a level, it was 12 miles an hour ; upon a. descent of 6 feet in a 
mile, it was 16 miles an hour ; upon a rise of 8 feet in a mile, 
it was about 9 miles an hour. The weather was calm, the 
rails very wet ; but the wheels did not slip, even in the slowest 
speed, except at starting, tlie rails being at that place soiled 
and greasy with the slime and dirt to which they are always 
exposed at the stations. The coke consumed in this journey, ex- 
clusive of what was raised in getting up the steam, was 1 762 lbs., 
being at the rate of a quarter of a pound per ton per mile. 

(94.) From the above experiments it appears that 
a locomotive engine, in good working order, with 
its full complement of load, is capable of transport- 
ing weights at an expense in fuel amounting to 
about 4s ounces of coke per ton per mile. The attend- 
ance required on the journey is that of an engine- 
man and a fire-boy ; the former being paid 1^. 6d. 
for each trip of SO miles, and the latter Is. In prac- 
tice> however, we are to consider, that it rarely hap- 
pens that the full complement of load can be sent 
with the engines ; and when lesser loads are trans- 
ported, the proportionate expense must, for obvious 
reasons, be greater. 

The practical expenditure of fuel on the Liverpool 
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and Manchester line maj, perhaps, be fairly esti- 
mated at half a pound of coke per ton per mile. 

(95.) Having explained the power and efficiency 
of these locomotive engines^ it is now right to notice 
some of the defects under which- they labour. 

The great original cost, and the heavy expense of 
keeping the engines used on the railway m repair, 
have pressed severely on the resources of the un- 
dertaking. One of the best constructed of the later 
engines costs originally about 800/. It may be 
hoped that, by the excitement of competition, the 
facilities derived from practice, and from the manu- 
facture of a greater number of engines of the 
same kind, some reduction of this cost may be 
effected. The original cost, however, is far from 
being the principal source of expense : the wear and 
tear of these machines, and the occasional fracture 
of those parts on which the greatest strain has been 
laid, have greatly exceeded what the directors had 
anticipated. Although this source of expense must 
be in part attributed to the engines not having yet 
attained that state of perfection, in the proportion 
and adjustment of their parts, of which they are 
susceptible, and to which experience alone can lead, 
yet there are some obvious defects which demand 
attention. 

The heads of the boilers are flat, and formed of 
iron, similar to the material of the boilers them- 
selves. The tubes which traverse the boiler were, 
until recently, copper, and so inserted into the flat 
head or ends as to be water-tight. When the boiler 
is heated, the tubes are found to expand in a greater 
degree than the other parts of the boiler ; which fre- 
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quently causes them either to be loosened at the 
extremities, so as to cause leakage, or to bend from 
want of room for expansion. The necessity of re- 
moving and refaste^ing the tubes causes^ therefore, 
a constant expense. 

It will be recollected that the fire-place is situated 
at one end of the boiler, immediately below the 
mouths of the tubes : a powerful draft of air, passing 
through the fire, carries Mdth it ashes and cinders, 
which are driven violently through the tubes, and 
especially the lower ones, situated near the fuel. 
These tubes are, by this means, subject to rapid 
wear, the cinders continually acting upon their in- 
terior surface. After a short time it becomes ne- 
cessary to replace single tubes, according as they 
are found to be worn, by new ones; and it not 
unfrequently happens, when this is neglected, that 
tubes burst. After a certain length of time the 
engines require new tubing, which is done at the 
expense of about 70/., allowing for the value of the 
old tubes. This wear of the tubes might possibly 
be avoided by constructing the fire-place in a lower 
position, so as to be more removed from their 
mouths ; or, still more effectually, by interposing a 
casing of metal, which might be filled with water, 
between the fire-place and those tubes which are 
the most exposed to the cinders and ashes. The 
unequal expansion of the tubes and boilers appears 
to be an incurable defect, if the present form of the 
engine be retained. If the fire-place and chimney 
could be placed at the same end of the boiler, so 
that the tubes might be recurved, the unequal ex- 
pansion would then produce no injurious effect; 
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but it would be difficult to clean the tubes if thej 
were exposed, as they are at present, to the cinders. 
The next source of expense arises from the wear of 
the boiler-head, which is exposed to the action of 
the fire. These require constant patching and 
frequent renewal. 

A considerable improvement has lately been in- 
troduced into the method of tubing, by substituting 
brass for copper tubes. We are not aware that the 
cause of this improvement has been discovered ; but 
it is certain, whatever be the cause, that brass tubes 
are subject to considerably slower wear than copper 
ones. 

It has been said by some whose opinions are ad« 
verse to the advantages of railways, but more espe* 
cially to the particular species of locomotive engines 
now under consideration, that the repairs of one of 
these engines cost so great a sum as 1500/. per 
annum, and that the directors now think of aban- 
doning them, or adopting either stationary engines 
or horse power. As to the first of these statements 
I must observe, that the expense of repairs of such 
machines should never be computed in reference 
to time, but rather to the work done, or the dis- 
tance travelled over. I have ascertained that 
engines frequently travel a distance of from 25,000 
to 30,000 miles before they require new tubing. 
During that work, however, single tubes are, of 
course, occasionally renewed, and other repairs are 
made, the expense of which may safely be stated as 
under the original cost of the engine. The second 
statement, that the company contemplate substi- 
tuting stationary engines, or horses, for locomotives, 
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despatched several times a day, from both ends of 
the line, to clear the road; the object of this ar- 
rangement being rather to lay the foundation of 
a beneficial intercourse in future, than with a view 
to any immediate profit. Mr. Booth makes a 
rough estimate of the disadvantages arising from 
these circumstances, by stating them at 33 per cent. 
in addition to the original estimate. 

The next point of difference is the fuel. In the 
original estimate coal is assumed as the fuel> and 
it is taken at the price of five shillings and ten- 
pence per ton : now the act of parliament forbids 
the use of coal which would produce smoke ; the 
company have> therefore, been obliged to use cokcy 
at seventeen shillings and sixpence a ton. Taking 
coke, then, to be equivalent to coal, ton for ton, 
this would add * 162 to the original estimate. 

These several discrepancies being allowed for, 
and a proportional amount being added to the ori- 
ginal estimate, the amount would be raised to '601 
of a penny per ton per mile, which is within one 
fortieth of a penny of the actual cost This differ- 
ence is considered to be sufficiently accounted for 
by the wear and tear produced by the very rapid 
motion, more especially when it is considered that 
many of the engines were constructed before the 
engineer was aware of the great speed that would 
be required. 

<* What then,** says Mr. Booths in the Report already al- 
luded to, <* is the result of these opposite and mutually coun- 
teracting circumstances? and what is the present position of 
the company in respect of their moving power? Simply, 
that they are still in a course of experiment, to ascertain 
practically the best contruction, and the most durable ma- 
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terials, for engines required to transport greater weigbta, and 
at greater velocities, than had, till very recently, been con- 
sidered possible; and which, a few yeirs ago, it had not 
entered into the imagination of the most daring and sanguine 
inventor to conceive: and^ farther, that these experiments 
have necessarily been made, not with tljii^^lm deliberation 
and quiet pace which a salutary caution reconnnends, — making 
good each step in the progress of discovery before advancing 
another stage, — but amidst t|i9 bu»tl<^ and resnoDsibitities of 
a large and increasing traffic t^lhe dfrectors bo^ altogether 
ignorant of the time each enfjaie would last bAre it would 
be laid up as inefficient, bit compelled tdMUre engines, 
whether good or bad ; being |iware of various directs and im- 
perfections, which it was impossible at the tin^ to remedy, 
yet obliged to keep the machines in motion, under all the dis- 
advantages of heavy repairs, constantly going on during the 
night, in order that the requisite number of engines might 
be ready for the morning's work. Neither is this great experi- 
ment yet complete ; it is still going forward. But the most pro- 
minent difficulties have been in a great measure surmounted, 
and- 'your committee conceive, that they are warranted in 
expecting, that the expenditure in this department will, ere 
long, be materially reduced, more especially when they con- 
sider the relative performances of the engines at the present 
time compared with what it was two years ago.'* 

In the half year ending Slst December, 18S1, 
the six best engines performed as follows : — 

Miles. 

Planet - . . . 9,986 

Mercury - - - 11,040 

Jupiter - - - - 11,618 

Saturn . - - - 11,786 

Venus - - . . 12,850 

Etna - . - - 8,764 



Making in all - - 66,044 

In the half year ending 31st December, 1833, 
the six best engines performed as follows : — 
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Miks. 

Jupiter - - • - 16^572 

Saturn ... - 18,678 

Sun 15,552 

Etna ... - 17,763 

Ajax - . . - 11,678 

Firefly - - - - 15,608 



Making in aU - - 95,851 

(96.) The advantages derivable from rail-roads 
are greatly abridged by the difficulty arising from 
those changes of level to which all roads are neces- 
sarily liable; but in the case of rail-roads^ from 
causes peculiar to themselves, these changes of level 
occasion great inconvenience. To explain the na- 
ture of these difficulties, it will be necessary to con- 
sider the relative proportion which must subsist 
between the power of traction on a level and on an 
inclined plane. On a level rail-road the force of 
traction necessary to propel any load, placed on 
wheel carriages of the construction now commonly 
used^ may perhaps be estimated at 7i pounds •, for 
every ton gross in the load ; that is to say, if a load of 
one ton gross were placed upon wheel carriages upon 



* The estimate commonly adopted by engineers at present is 
9 pounds per ton. I have no doubt, however, that this is too 
high. I am now (November, 18S5,) engaged in^an extensive 
course of experiments on different railways, with a view to de« 
termine with precision this and other points connected with the 
full developement of their theory ; and I have reason to believe, 
from the observations 1 have already made, that even 7| pounds 
per ton is above tlie average f<Nrce of traction of waggons upon 
the level. 
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a level rail-road, the traces of horses drawing it 
would be stretched with a force equivalent to 7j[ 
pounds. If the load amounted to two or three 
tons, the tension of the traces would be increased 
to 15 or 22^ pounds, and so on. The necessity 
of this force of traction, arising from the want of 
perfect smoothness in the road, and from the friction 
of the wheels and axles of the carriages, must be 
the same whether the road be level or inclined ; and 
consequently, in ascending an inclined plane, the 
same force of traction will be necessary in addition 
to that which arises from the tendency of the load 
to fall down the plane. This latter tendency i» 
always in the proportion of the elevation of the 
plane to its length ; that is to say, a plane which 
rises 1 foot in 100 will give a weight of 100 tons a 
tendency to fall down the plane amounting to 1 ton, 
and would therefore add 1 ton to the force of 
traction necessary for such a load on a level* 

Now since 7^ pounds is very nearly the 300th part 
of a ton, it follows that if an inclination upon a rail- 
road rises at the rate of 1 foot in 300, or, what is 
the same, 17^ feet in a mile, such an acclivity will 
add 7i pounds per ton to the force of traction. This 
acclivity therefore would require a force of traction 
twice as great as a level. In like manner a rise of 
35 feet in a mile would require three times the force 
of traction of a level, 52j feet in a mile four times 
that force, and so on. In fact, for every 7 feet in a 
mile which an acclivity rises, 3 pounds per ton will 
be added to the force of traction. If we would 
then ascertain the power necessary to pull a load up 
any given acclivity upon a rail-road, we must first 

L 
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take 7J pounds as the force necessary to overcome 
the common resistance of the road, and then add 
3 pounds for every 7 feet which the acclivity rises 
per mile. For example, suppose an acclivity to rise 
at the rate of 70 feet in a mUe, the force of traction 
necessary to draw a ton up it would be thus calcu« 
lated:— 

Friction - - - 7^ lbs, 

70 feet = 10 times 3 lbs. 30 

Total force - - - 37^ 

It will be apparent, therefore, that if a rail-road 
undulates by inclined planes, even of the most 
moderate inclinations, the propelling power to be 
used upon it must be of such a nature as to be 
capable of increasing its intensity in a great degree, 
according to the elevation of the planes which it has 
{o encounter. A plane which rises 52j^ feet per 
mile presents to the eye scarcely the appearance of 
an ascent, and yet it requires the power of traction 
to be increased in a fourfold proportion. 

It is the property of animal power, that within 
certain limits its energy can be put forth at will, 
according to the exigency of the occasion ; but the 
intensity of mechanical power, in the instance now 
considered, cannot so conveniently be varied, except 
indeed within narrow limits. 

In the application of locomotive engines upon 
railways the difficulty arising from inclined planes 
has been attempted to be surmounted by several 
methods, which we shall now explain. 

1. Upon arriving at the foot of the plane the load 
is divided, and the engine carries it up in several 
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saccessive trips, descending the plane unloaded after 
each trip. The objection to this method is the delay 
which it occasions, — a circumstance which is in- 
compatible with a large transport of passengers. 
From what has been stated, it would be necessary, 
when the engine is fully loaded on a level, to divide 
its load into four parts, to be successively carried 
up when the incline rises 52 feet per mile. This 
method has been practised in the transport of mer- 
chandise occasionally, when heavy loads were car« 
ried on the Liverpool and Manchester line, upon 
the Rainhill incline. 

2. A subsidiary or assistant locomotive engine 
may be kept in constant readiness at the foot of 
each incline, for the purpose of aiding the different 
irains, as they arrive, in ascending. The objection 
to this method is the cost of keeping such an engine 
with its boiler continually prepared, and its steani 
up. It would be necessary to keep its fire continu- 
ally lighted, whether employed or not; otherwise^ 
when the train would arrive at the foot of the in- 
cline, it should wait until the subsidiary engine was 
prepared for work. In cases where trains would 
start and arrive at stated timesy this objection, how- 
ever, would have less force. This method is at 
present generally adopted on the Liverpool and 
Manchester line. This method, however, cannot 
be profitably applied to planes of any considerable 
length. 

3. A fixed steam engine may be erected on the 
crest of the incline, so as to communicate by ropes 
with the train at the foot. Such an engine would be 
capable of drawing up one or two trains together, 

L 2 
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with their locomotives, according as they would 
arrive, and no delay need be occasioned. This 
method requires that the fixed engine should be 
kept constantly prepared for work, and the steam 
continually up in the boiler. This expedient is 
scarcely compatible with a large transit of passen- 
gers, except at the terminus of a line. 

4. In working on the level, the communication 
between the boiler and the cylinder in the locomo- 
tives may be so restrained by partially closing the 
throttle valve, as to cause the pressure upon the 
piston to be less in a considerable degree than the 
pressure of steam in the boiler. If under such cir- 
cumstances a sufficient pressure upon the piston can 
be obtained to draw the load on the level, the throttle 
valve may be opened on approaching the inclined 
plane, so as to throw on the piston a pressure in- 
creased in the same proporticn as the previous pres- 
sure in the boiler was greater than that upon the 
pbton. If the fire be sufficiently active to keep up 
the supply of steam in this manner during the 
ascent, and if the rise be not greater in proportion 
than the power thus obtained, the locomotive will 
draw the load up the incline without further assist- 
ance. It is, however, to be observed, that in this 
case the load upon the engine must be less than the 
amount which the adhesion of its working wheels 
with the rail-road is capable of drawing ; for this 
adhesion must be adequate to the traction of the 
same load up the incline, otherwise whatever in- 
crease of power might be obtained by opening the 
throttle valve, the drawing wheeb would revolve 
without causing the load to advance. This method 
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has been generally practised upon the Liverpool 
and Manchester line in the transport of passengers ; 
and) indeed, it is the only method yet discovered, 
which is consistent Tvith the expedition necessary 
for that species of trafEc. The objections to this 
method are, the necessity of maintaining a much 
higher pressure in the boiler than is sufficient for the 
purposes of the load upon more level parts of the 
line. 

In the practice of this method considerable aid 
may be derived also by suspending the supply of 
feeding water to the boiler during the ascent It 
will Tbe recollected that a reservoir of cold water is 
placed in tbe tender which follows the engine, and 
that the water is driven from this reservoir into the 
boiler by a forcing pump, which is worked by the 
engine itself. This pump is so constructed that it 
will supply as much cold water as is equal to the 
evaporation, so as to maintain constantly the same 
quantity of water in the boiler. But it is evident, 
on the other hand, that the supply of this water has 
a tendency to check the rate of evaporation, since in 
being raised to the temperature of the water with 
which it mixes, it must absorb a considerable por- 
tion of the heat supplied by the fire. With a view 
to accelerate the production of steam, therefore, in 
ascending the inclines, the engine man may sus- 
pend the action of the forcing pump, and thereby 
stop the supply of cold water to the boiler; the 
evaporation will go on with increased rapidity, and 
the exhaustion of water produced by it will be re- 
paid by the forcing pump on the next level, or still 
more effectually on the next descending incline. 

L 3 
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Indeed the feeding pump may be made to act in 
descending an incline if necessary, when the action 
of the engine itself b suspended, and when the train 
descends by its own gravity, in which case it will 
perform the part of a brake upon the descending 
train. 

This method, on rail-roads intended for passengers, 
may be successfully applied on inclines which do 
not exceed 18 feet in a mile; and, with a sacrifice of 
the expense of locomotiye power, inclines so steep 
as 36 feet in a mile may be worked in this manner. 
As, however, the sacrifice is considerable, it will, 
perhaps, be always better to work the more steep 
inclines by assistant engines. 

5. The mechanical connection between the piston 
of the cylinder and the points of contact of the 
working wheels with the road may be so altered, 
upon arriving at the incline, as to give the piston a 
greater power over the working wheels. This may 
be done in an infinite variety of ways, but hitherto 
no method has been suggested sufficiently simple to 
be applicable in practice ; and even were any means 
suggested which would accomplish this, unless the 
intensity of the impelling power were at the same 
time increased, it would necessarily follow that the 
speed of the motion would be diminished in exactly 
the same proportion as the power of the piston over 
the working wheels would be increased. Thus, on 
the inclined plane, which rises 55 feet per mile, 
upon the Liverpool line, the speed would be di- 
minished to nearly one fourth of its amount upon 
the level. 

Whatever be the method adopted to surmount 
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inclined planes upon a railway, inconvenience at- 
tends the descent upon them. The motion down 
the incline by the force of gravity is accelerated ; 
and if the train be not retarded, a descent of any 
considerable length, even at a small elevation, would 
produce a velocity which would be attended with 
great danger. The shoe used to retard the descent 
down hills on turnpike roads cannot be used upon 
rail-roads, and the application of brakes to the faces 
of the wheels is likewise attended with some uncer- 
tainty. The friction produced by the rapid motion 
of the wheel sometimes sets fire to wood, and iron 
would be inadmissible. The action of the steam 
on the piston may be reversed, so as to oppose the 
motion of the wheels ; but even this is attended with 
peculiar difficulty. 

From all that has been stated, it will be apparent 
that, with our present knowledge, considerable in- 
clines are fatal to the profitable performance on a 
railway, and even small inclinations are attended 
with great inconvenience.* 

(97* ) To obtain from the locomotive steam 
engines now used on the railway the most powerful 
efiects, it is necessary that the load placed on each 
engine should be very considerable. It is not pos- 
sible, with our present knowledge, to construct and 

* A contrivance might be applied at changes of level in 
rail-roads somewhat similar to locks in a canal. The train 
might be rolled upon a platform which might be raised by 
machinery; and thus at the change of level there would be as 
it were steps from one level to another, up which the loads 
would be lifted by any power applied to work the machinery. 
The advantage in this case would be, that the trains might be 
adapted to work always upon a level. 

L 4 
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work three locomotive engines of this kind, eack 
drawing a load of 30 tons, at the same expense and 
with the same effect as one locomotive engine 
drawing 90 tons. Hence arises what must appear 
an inconvenience and difficulty in applying these 
engines to one of the most profitable species o£ 
transport — the transport of passengers. It is im- 
practicable, even between places of the most con- 
siderable intefooui^e, to obtain loads of passengers 
sufficiently great at each trip to maintain such an 
engine working on a railway.* The difficulty of 
collecting so considerable a number of persons, 
at any stated hour, to perform the journey, is 
obvious ; and therefore, the only method of remov- 
ing the inconvenience is to cause the same en^ 
gine which transports passengers also to transport 
goods, so that the goods may make up the requisite 
supplement to the load of passengers. In this way, 
provided the traffic in goods be sufficient, such 
engines may start with their full complement of load, 
whatever be the number of passengers. 

(98.) In comparing the extent of capital, and the 
annual expenditure of the Liverpool and Manchester 
line, and adopting it as a modulus in estimating the 
expenses of similar undertakings projected else- 
where, there are several circumstances to which it 
is important to attend. I have already observed on 

* On the occasion of races beld at Newton, a place about 
15 miles from Liverpool, two engines were sent, with trains of 
carriages, to take back to Liverpool the visitors to the races. 
Some accident prevented one of the engines from working on 
the occasion, and both truns were attached to the same engine : 
800 persons were on this occasion drawn by the single engine 
to Liverpool in the space of about an hour. 
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the large waste of capital in the item of locomotive 
engines, which ought to be regarded as little more 
than experimental machines, leading to a rapid suc- 
cession of improvements. Most of these engines 
are still in good working order, but have been aban- 
doned for the reasons already assigned. Other com- 
panies will, of course, profit by the experience which 
has been thus purchased at a ^igh price by the 
Liverpool Company. This advantage in favour of 
future companies will go on increasing until such 
companies have their works completed.^ 

A large portion of the current expense of a line 
of railway is independent of its length ; and is little 
less for the line connecting Liverpool and Man- 
chester, than it would be for a line connecting Bir- 
mingham with Liverpool or London. 

The establishments of resident engineers, coach 
and waggon yards, &c. at the extremities of the 
line, would be little increased by a very great in- 
crease in the length of the railway ; and the same 
observation will apply to other heads of expen- 
diture. 

It has been the practice of the* canal companies 
between Liverpool and Manchester to warehouse 
the goods transported between these towns, without 
any additional charge beyond the price of transport. 
The Railway Company, in competing with the 
canals, were, of course, obliged to offer like advan- 
tages : this compelled them to invest a considerable 
amount of capital in the building of extensive ware- 
houses, and to incur the annual expense of porter- 
age, salaries, &c. connected with the maintenance of 
such storage. In a longer line of railway such ex- 
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penses (if necessary at all) would not be proper- 
tionallj increased. 

(99.) The comparison of steam-transport with 
the transport by horses, even when working on a 
railway, exhibits the advantage of this new power in 
a most striking point of view. To comprehend 
these advantages fully, it will be necessary to con- 
sider the manner in which animal power is expended 
as a means of transport. The portion of the strength 
of a horse available for the purpose of a load de- 
pends on the speed of the horse's motion. To this 
speed there is a certain limit, at which the whole 
power of the horse will be necessary to move his 
own body, and at which, therefore, he is incapable 
of carrying any load ; and, on the other hand, there 
is a certain load which the horse is barely able to 
support, but incapable of moving with any useful 
speed. Between these two limits there is a certain 
rate of motion at which the useful effect of the 
animal is greatest. In horses of the heavier class, 
this rate of motion may be taken on the average as 
that of 2 miles an hour ; and in the lighter descrip- 
tion of horses, 2^ miles an hour. Beyond this 
speed, the load which they are capable of transport- 
ing diminishes in a very rapid ratio as the speed in- 
creases : thus, if 121 express the load which a horse 
is able to transport a given distance in a day, work- 
ing at the rate of 4 miles an hour, the same horse 
will not be able to transport more than the load ex- 
pressed by 64, tJie same distance^ at 7 miles an hour; 
and, at 10 miles an hour, the load which he can 
transport will be reduced to 25. The most advan- 
tageous speed at which a horse can work being 2 
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miles an hour, it is found that, at this rate, working 
for 10 hours daily, he can transport 12 tons, on a 
level railway, a distance of 20 miles; so that the 
whole effect of a day's work may be expressed by 
240 tons carried 1 mile. 

But this rate of transport is inapplicable to the 
purposes of travelling ; and therefore it becomes 
necessary, when horses are the moving power, to 
have carriages for passengers distinct from those 
intended for the conveyance of goods ; so that the 
goods may be conveyed at that rate of speed at 
which the whole effect of the horse will be the 
greatest possible ; while the passengers are conveyed 
at that speed which, whatever the cost, is indispen- 
sably necessary. The weight of an ordinary mail- 
coach is about two tons ; and, on a tolerably level 
turnpike road, it traveb at the rate of 10 miles an 
hour. At this rate, the number of horses necessary 
to keep it constantly at work, including the spare 
horses indispensably necessary to be kept at the 
several stages, is computed at the rate of a horse 
per mile. Assuming the distance between London 
and Birmingham at 100 miles, a mail-coach running 
between these two places would require 100 horses; 
making the journey to and from Birmingham daily. 
The performance, therefore, of a horse working at 
this rate may be estimated at 2 tons carried 2 miles 
per day, or 4 tons carried 1 mile in a day. The 
force of traction on a good turnpike road is at least 
20 times its amount on a level rail-road. It there* 
fore follows, that the performance of a horse on a 
rail-road will be 20 times the amount of its per- 
formance on a common road imder similar circum* 

l6 
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Stances. We may, therefore, take the performanoe 
of a horse working at 10 miles an hour, on a level 
rail-road, at 80 tons conveyed 1 mile daily. 

The best locomotive engines used on the Liver- 
pool railway are capable of transporting 150 tons on 
a level rail-road at the same rate ; and, allowing the 
same time for stoppage^ its work per day would be 
150 tons conveyed 200 miles, or 30,000 tons con- 
veyed 1 mile ; from which it follows, that the per- 
formance of one locomotive engine of this kind is 
equivalent to that of 7500 horses working on a good 
turnpike road, or to 375 horses working on a rail- 
way. The consumption of fuel requisite for this 
performance, with the most improved engines used 
at present on the Manchester and Liverpool line, 
would be at the rate of eight • ounces of coke per 
ton per mile, including the waste of fuel incurred by 
the stoppages. Thus the daily consumption of fuel, 
under such circumstances, would amount to 15000 
lbs. of coke ; and 2 lbs. of coke daily would perform 
the work of one horse on a good turnpike road ; and 
40 lbs. of coke daily would perform the work of one 
horse on a railway. 

In this comparison, the engine is taken at its most 
advantageous speed, while horse-power is taken at 
its least advantageous speed, if regard be* only had 
to the total quantity of weight transported to a given 
distance. But, in the case above alluded to, speed 
is an indispensable element; and steam, therefore, 

* In an experimental trip with a heavy train at 12 miles an 
hour, 1 found the consumption of coke to be only^ur ounces 
per ton per hour. I believe, however, the practical consump- 
tion in ordinary work to be very nearly eight ounces. 
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possesses this great advantage over horse power, 
that its most advantageous speed is that which is at 
once adapted to aU the purposes of transport^ whether 
of passengers or of goods. 

(100.) The effects of steam compared with horse- 
power, at lower rates of motion, will exhibit the ad- 
vantages of the former, though in a less striking 
degree. An eight-horse waggon commonly weighs 
8 tons, and travels at the rate of 2^ miles an hour. 
Strong horses working in this way can travel 8 
hours daily; thus each horse performs 20 miles a day. 
The performance, therefore, of each horse may be 
taken as equivalent to 20 tons transported 1 mile ; 
and his performance on a railway being 20 times 
this amount, may be taken as equivalent to 400 tons 
transported 1 mile a day* The performance of a 
horse working in this manner is, therefore, 5 times 
the performance of a horse working at 10 miles an 
hour ; the latter effecting only the performance oi 
4 tons transported 1 mile per day on a good turn- 
pike road, or 80 tons on a railway. We shall hence 
obtain the proportion of the performance of horses 
working in waggons to that of a locomotive steam- 
engine. Since 2 lbs. of coke are equivalent to the 
daily performance of a horse in d, mail-coach, and 
40 lbs. on a railway, at 10 miles an hour, it follows 
that 10 lbs. will be equivalent to the performance of 
a horse on a turnpike road, and 200 lbs. on a rail- 
way, at 2^ miles an hour. Since a locomotive 
engine can perform the daily work of 7500 mail- 
coach horses, it follows that it performs the work of 
1500 waggon horses. 

These results must be understood to be subject to 



230 THE STBAM ENGINE. 

modifications in particular cases, and to be only 
average calculations. Different steam-engines, as 
well as different horses, varying in their performance 
to a considerable extent; and the roads on which 
horses work being in different states of perfection, 
and subject to different declivities, the performance 
must vary accordingly. 

In the practical comparison, also, of the results 
of so powerful an agent as steam applied on rail- 
ways, with so slight a power as that of horses on 
common roads, it must be considered that the great ' 
subdivision of load, and frequent times of starting, 
operate in favour of the performance of horses ; in- 
asmuch as it would oftener occur that engines 
capable of transporting enormous weights would 
start with loads inferior to their power, than woul<j 
happen in the application of horse-power, where 
small loads may start at short intervals. This, in 
fact, constitutes a practical difficulty in the appli- 
cation of steam engines on rail-roads; and will, 
perhaps, for the present, limit their application to 
lines connecting places of great intercourse. 

The most striking effect of steam power, applied 
on a rail-road, is the extreme speed of transport 
which is attained by it ; and it is the more remark- 
able, as this advantage never was foreseen before 
experience proved it When the Liverpool and 
Manchester line was projected, the transport of 
heavy goods was the object chiefly contemplated ; 
and although an intercourse in passengers was ex* 
pected, it was not foreseen that this would be the 
greatest source of revenue to the proprietors. The 
calculations of future projectors will, therefore, be 
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materially altered, and a great intercourse in pas- 
sengers will be regarded as a necessary condition for 
the prosperity of such an undertaking. 

If this advantage of speed be taken into account, 
horse-power can scarcely admit of any comparison 
whatever with steam-power on a railway. In the 
experiments which I have already detailed, it ap- 
pears that a steam engine is capable of drawing 
90 tons at the rate of about 20 miles an hour, and 
that it could transport that weight twice between 
Liverpool and Manchester in about 3 hours. Two 
hundred and seventy horses working in waggons 
would be necessary to transport the same load the 
same distance in a day. It may be objected, that 
this was an experiment performed under favourable 
circumstances, and that assistance was obtained at 
the difficult point of the inclined plane. In the 
ordinary performance, however, of the engines 
drawing merchandise, where great speed is not at- 
tempted, the rate of motion is not less than 15 miles 
an hour. In the trains which draw passengers, the 
chief difficulty of maintaining a great speed arises 
from the stoppages on the road to take up and let 
down passengers. There are two classes of car- 
riages at present used : the first class stops but once, 
at a point halfway between Liverpool and Man- 
chester, for the space of a few minutes. This class 
performs the thirty miles in an hour and a half, ano 
sometimes in 1 hour and 10 minutes. On the level 
part of the road its common rate of motion is 
27 miles an hour ; and I have occasionally marked 
its rate, and found it above 30 miles an hour. 

But these, which are velocities obtained in the 
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regular working of the engines for the transport of 
passengers and goods, are considerably inferior to 
the power of the present locomotives with respect 
to speed. I have made some experimental trips, in 
which more limited loads were placed upon the 
engines, by which I have ascertained that very 
considerably increased rates of motion are quite 
practicable. In one experiment I placed a carriage 
containing 36 persons upon an engine, with which I 
succeeded in obtaining the velocity of about 48 
miles an hour, and I believe that an engine loaded 
only with its own tender has moved over 15 miles 
in 15 minutes. 

It will then perhaps be asked, if the engines pos- 
sess these great capabilities of speed, why they have 
not been brought into practical operation on the 
rail- road, where, on the other hand, the average speed 
when actually in motion, does not exceed 25 miles 
an hour ? In answer to this it may be stated, that 
the distance of 30 miles between Liverpool and 
Manchester is performed in an hour and a half, and 
that 1 trains of passengers pass daily between these 
places : the mail, also, is transmitted three times a 
day between them. It is obvious that any greater 
speed than this, in so short a distance, would be 
quite needless. When, however, more extended lines 
of road shall be completed, the circumstances will be 
otherwise, and the despatch of mails especially will 
demand attention. Full trains of passengers, com- 
monly transported upon the Manchester rail-road, 
weigh about 50 tons gross : with a lighter load, a 
lighter and more expeditious engine might be used. 
The expense of transport with such an engine would 
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of course be increased ; but for this the increased 
expedition there would be ample compensation* 
When, therefore, London shall haye been connected 
with Liverpool, by a line of rail-road through Bir« 
mingham, the conunercial interest of these places will 
naturally direct attention to the greatest possible 
expedition of intercommunication. For the trans- 
mbsion of mails, doubtless, peculiar engines will be 
built, adapted to lighter loads and greater speed. 
With such engines, the mails, with a limited number 
of passengers, will be despatched ; and, apart from 
any possible improvement which the engines may 
hereafter receive, and looking only at their present 
capabilities, I cannot hesitate to express my conviction 
that such a load may be transported at the rate of 
above 60 miles an hour. If we may indulge in expec- 
tations of what the probable improvements of loco- 
motive steam engines may effect, I do not think that 
even double that speed is beyond the limits of me- 
chanical probability. On the completion of the line 
of road from the metropolis to Liverpool we may, 
t]ierefore, expect to witness the transport of mails 
and passengers in the short space of three hours. 
Th^re will probably be about three posts a day be- 
tween these and intermediate places. 

The great extension which the application of 
steam to the purpose of inland transport is about to 
receive from the numerous rail-roads which are 
already in progress, and from a still greater number 
of others which are hourly projected, impart to these 
subjects of inquiry considerable interest. Neither 
the wisdom of the philosopher, nor the skill of the 
statbtician, nor the foresight of the statesman is 
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sufficient to detenniDe the important consequences 
by which the realisation of these schemes must affect 
the progress of the human race. How much the 
spread of civilisation, the diffusion of knowledge, 
the cultivation of taste, and the refinement of 
habits and manners depend upon the easy and rapid 
intermixture of the constituent elements of society, 
it is needless to point out Whilst population exists 
in detached and independent masses, incapable of 
transfusion amongst each other, their dormant af- 
finities are never called into action, and the most 
precious qualities of each are never imparted to the 
other. Like solids in physics, they are slow to form 
combinations ; but when the quality of fluidity has 
been imparted to them, when their constituent 
atoms are loosened by fusion, and the particles of 
each flow freely through and among those of the 
other, then the affinities are awakened, new com- 
binations are formed, a mutual interchange of 
qualities takes place, and compounds of value far 
exceeding those of the original elements are pro- 
duced. Extreme facility of intercourse is the 
fluidity and fusion of the social masses, from whence 
Buch an activity of the affinities results, and from 
whence such an inestimable interchange of precious 
qualities must follow. We have, accordingly, ob- 
served, that the advancement in civilisation and the 
promotion of intercourse between distant masses 
of people have ever gone on with contemporaneous 
progress, each appearing occasionally to be the 
cause or the consequence of the other. Hence it 
is that the urban population is ever in advance of 
the rural in its intellectual character. But, without 
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sacrificing the peculiar advantages of either, the 
benefits of intercourse may be extended to both, by 
the extraordinary facilities which must be the conse- 
quence of the locomotive projects now in progress. 
By the great line of rail-road which is in progress 
from London to Birmingham, the time and expense 
of passing between these places will probably be 
halved, and the quantity of intercourse at least 
quadrupled, if we consider only the direct transit 
between the terminal points of the line ; but if the 
innumerable tributary streams which will flow from 
every adjacent point be considered, we have no ana- 
logies on which to build a calculation of the enormous 
increase of intercommunication which must ensue. 

Perishable vegetable productions necessary for 
the wants of towns must at present be raised in 
their immediate suburbs ; these, however, where 
they can be transported with a perfectly smooth 
motion at the rate of twenty miles an hour, will be 
supplied by the agricultural labourer of more distant 
points. The population engaged in towns, no longer 
limited to their narrow streets, and piled story over 
story in confined habitations, will be free to reside 
at distances which would now place them far beyond 
reach of their daily occupations. The salubrity of 
cities and towns will thus be increased by spread- 
ing the population over a larger extent of surface, 
without incurring the inconvenience of distance. 
Thus the advantages of the country will be con- 
ferred upon the town, and the refinement and civilis- 
ation of the town will spread their benefits among 
the rural population.* 

* Some of the preceding observations appeared in an article 
contributed by me to the British and Foreign Review. 
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(101.) The quantity of canal property in these 
countries gives considerable interest to every in- 
quiry which has for its object the relative advan- 
tage of this mode of transport, compared with that 
of railways, whether worked by horses or by steam- 
power ; and this interest has been greatly increased 
by the recent extension of railway projects. This 
is a subject which I shall have occasion, in another 
work, to examine in all its details ; and, therefore, 
in this place I shall advert to it but very briefly. 

When a floating body is moved on a liquid, it 
will suffer a resistance, which will depend partly 
upon the transverse section of the part immersed, 
and partly on the speed with which it is moved. It 
is evident that the quantity of the liquid which it 
must drive before it will depend upon that trans- 
verse sectioi^ and the velocity with which it will 
impel the liquid will depend upon its own speed. 
Now, so long as the depth of its immersion remains 
the same, it is demonstrable that the resistance will 
increase in proportion to the square of the speed ; 
that is, with a double velocity there will be a four- 
fold resistance, with a triple velocity a ninefold re- 
nstance, and so on. Again, if the part immersed 
should be increased or diminished by any cause, the 
resistance, on that account alone, will be increased 
or diminished in the same proportion. 

From these circumstances it will be apparent that 
a vessel floating on water, if moved with a certain 
speed, will require four times the impelling force to 
carry it forward with double the speed, unless the 
depth of its immersion be diminished as its speed is 
increased* 
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Some experiments which haye been made upon 
canals with boats of a peculiar construction, drawn 
by horses, have led to the unexpected conclu- 
sion, that, after a certain speed has been at- 
tained, the resistance, instead of being increasedy 
has been diminished. This fact is not at variance 
with the law of resistance already explained. The 
cause of the phenomenon is found in the fact, that 
when the velocity has attained a certain point, the 
boat gradually rises out of the water ; so that, in 
fact, the immersed part is diminished. The two 
conditions, therefore, which determine the resist- 
ance, thus modify each other : while the resistance 
is^ on the one hand, increased in proportion to the 
square of the speed, it is, on the other hand, dimin- 
ished in proportion to the diminution of the trans- 
verse section of the immersed part of the vessel. It 
would appear that, at a certain velocity, these two 
effects neutralise each other; and, probably, at 
higher velocities the immersed part may be so 
much diminished as to diminish the resistance in a 
greater degree than it is increased by the speedy 
and thus actually to diminish the power of traction* 

It is known that boats are worked on some of 
the Scottish canals, and also on the canal which 
connects Kendal with Preston, by which passengers 
are transported, at the rate of about ten miles an 
hour, exclusive of the stoppages at the looks, &o. 
The power of horses, exerted in this way, is, of 
course, exerted more economically than they could 
be worked at the same speed on common roads ; and, 
probably, it is as economicaLas they would be worked 
by rail-road. It is, probably, more economical than 
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the transport of passengers by steam upon rail- 
roads ; but the speed is considerably less, nor, from 
the nature of the impelling power, is it possible that 
it can be increased. 

There is reason to suppose that a like effect takes 
place with steam vessels. Upon increasing the 
power of the engines in some of the Post Office 
steam packets, it has been found, that, while the 
time of performing the same voyage is diminished, 
the consumption of fuel is also diminished. Now, 
since the consumption of fuel is in the direct ratio 
of the moving power, and the latter in the direct 
ratio of the resistance, it follows that the resistance 
must in this case be likewise diminished. 

(102.) When a very slow rate of travelling is 
considered, the useful effects of horse-power applied 
on canals is somewhat greater than the effect of the 
same power applied on railways ; but at all speeds 
above three miles an hour, the effect on railways is 
greater; and when the speed is considerable, the 
canal becomes wholly inapplicable, while the rail- 
way loses none of its advantages. At three miles 
an hour, the performance of a horse on a canal and 
a railway is in the proportion of four to three to the 
advantage of the canal ; but at four miles an hour his 
performance on a railway has the advantage in very 
nearly the same proportion. At six miles an hour, 
a horse will perform three times mote work on a 
railway than on a canal. At eight miles an hour, 
he will perform nearly five times more work. 

But the circumstance which, so far as respects 
passengers, must give railways, as compared with 
canals, an advantage which cannot be consi- 



LOCOMOTIVE ENGINES ON RAILWAYS. 239 

dered as less than fatal to the latter, is the fact, 
that the great speed and cheapness of transit 
attainable upon a railway by the aid of steam- 
power will always secure to such lines not only a 
monopoly of the travelling, but will increase the 
actual amount of that source of profit in an enor- 
mous proportion, as has been already made mani- 
fest between Liyerpool and Manchester. Before 
the opening of the railway there were about twenty- 
five coaches daily running between Liverpool and 
Manchester. If we assume these coaches on the 
average to take ten persons at each trip, it will 
follow that the number of persons passing daily 
between these towns was about 500. Let us, 
then, assume that 3000 persons passed weekly. 
This gives in six months 78,000. In the six 
months which terminated on the 31st of December 
1831, the number of passengers between the same 
towns, exclusive of any taken up on the road, was 
256,321 ; and if some allowance be made for those 
taken up on the road, the number may be fairly 
stated at 300,000. At present there is but one 
coach on the road between Liverpool and Man- 
chester; and it follows, therefore, that, besides 
taking the monopoly of the transit in travellers^ the 
actual number has been already increased in a four- 
fold proportion. 

The, monopoly of the transit of passengers thus 
secured to the line of communication by rail-road 
will always yield so large a profit as to enable mer- 
chandise to be carried at a comparatively low rate. 

In light goods, which require despatch, it is ob- 
vious that the rail-road wiU always command th« 
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preference ; and the question between that mode of 
communication and canals is circumscribed to the 
transit of those classes of heavy goods in which even 
a small saving in the cost of transport b a greater 
object than despatch. 

(103.) The first eflRect which the Liverpool rail- 
road produced on the Liverpool and Manchester 
canals was a fall in the price of transport ; and at 
this time, I believe, the cost of transport per ton on 
the rail-roads and on the canals is the same. It will, 
therefore, be naturally asked, this being the case, 
why the greater speed and certainty of the rail- 
road does not in every instance give it the prefer- 
ence, and altogether deprive the canals of transport ? 
This effect, however, is prevented by several local 
and accidental causes, as well as by direct influence 
and individual interest A large portion of the 
commercial and manufacturing population of Liver- 
pool and Manchester have property invested in the 
canals, and are deeply interested to sustain them in 
opposition to the railway. Such persons will give 
the preference to the canals in their own business, 
and will induce those over whom they have influence 
to do so in every case where speed of transport is 
not absolutely indispensable. 

Besides these circumstances, the canal communi- 
cates immediately with the shipping at Liverpool, 
and it ramifies in various directions through Man- 
chester, washing the walls of many of the warehouses 
and factories for which the goods transported are 
destined. The merchandise is thus transferred from 
the shipping to the boat, and brought directly to the 
door of its owner, or vice versd. If transported by 
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the railway, on the other, hand, it must be carried 
to the station at one extremity; and, when trans- 
ported to the station of the other, it has still to be 
carried to its destination in different parts of the 
town. 

These circumstances will sufficiently explain why 
the canals still retain, and may probably continue to 
retain, a share of the traffic between these great 
marts. 
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PRESENT STATE AND PROSPECTS OF STEAM CARRIAGES. 



(104?.) We have hitherto confined our observ- 
ations to steam-power as a means of transport ap- 
plied on railways, but modem speculation has not 
stopped here. Several attempts have been made, 
and some of them attended with considerable suc- 
cess, to work steam-carriages on turnpike roads. 
The practicability of this project has been hitherto 
generally considered to be very questionable ; but 
if we carry back our view to the various epochs in 
the history of the invention of the steam engine, 
we shall find the same doubt, and the same diffi- 
culty, started at almost every important step in its 
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progress. In compariDg the effect of a turnpike 
road with that of a railway, there are two circum- 
stances which obviously give facility and advantage 
to the railway. One is, that the obstructions to the 
rolling motion of the wheels, produced by the ine- 
qualities of the surface, are very considerably less 
on a railway than on a road ; less in the proportion 
of at least 1 to 20. This proportion, however, must 
depend much on the nature of the road with which 
the railway is compared. It is obvious that a well 
constructed road will offer less resistance than one 
ill constructed ; and it is ascertained, that the resist- 
ance of a Macadamised road is considerably more 
than that of a road well paved with stones: the 
decision of this question, therefore, must involve 
the consideration of another, viz. whether roads 
may not be constructed by pavement or otherwise, 
smoother and better adapted to carriages moved in 
the manner of steam-carriages than the roads now 
used for horse power ? 

But besides the greater smoothness of rail-roads 
compared with turnpike roads, they have another 
advantage, which we suspect to have been consider- 
ably exaggerated by those who have opposed the 
project for steam- carriages on turnpike roads. One 
of the laws of adhesion, long since developed by 
experiment, and known to scientific men, is, that it 
is greater between the surfaces of bodies of the same 
nature than between those of a different nature. 
Thus, between two metals of the same kind it is 
greater than between two metals of different kinds. 
Between two metals of any kind it is greater than 
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between metal and stone, or between metal and 
wood. Hence, the wheels of steam-carriages run- 
ning on a rail-road have a greater adhesion with the 
road, and therefore offer a greater resistance to slip 
round without the advance of the carriage, than 
wheels would offer on a turnpike road ; for on a 
rail-road the iron tire of the wheel rests in contact 
with the iron rail, while on a common road the iron 
tire rests in contact with the surface of stone, or 
whatever material the road may be composed of. 
Besides this, the dust and loose matter which neces- 
sarily collect on a common road, when pressed be- 
tween the wheels and the solid base of the road, 
act somewhat in the manner of rollers, and give 
the wheels a greater facility to slip than if the road 
were swept clean, and the wheels rested in imme- 
diate contact with its hard surface. The truth of 
this observation is illustrated on the rail-roads them- 
selves, where the adhesion is found to be diminished 
whenever the rails are covered with any extraneous 
matter, such as dust or moist clay. Although the 
adhesion of the wheels of a carriage with a com- 
mon road, however, be less than those of the wheels 
of a steam-carriage with a rail-road, yet still the 
actual adhesion on turnpike roads is greater in 
amount than has been generally supposed, and is 
quite sufficient to propel carriages dragging after 
them loads of large amount. 

The relative facility with which carriages are pro- 
pelled on rail-roads and turnpike roads equally affects 
any moving power, whether that of horses or steam 
engines ; and whether loads be propelled by the one 
power or the other, the rail-road, as compared with 
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the turnpike road, will always possess the same 
proportionate advantage; and a given amount of 
power, whether of the one kind or the other, will 
always perform a quantity of work less in the same 
proportion on a turnpike road than on a rail-road. 
But, on the other hand, the expense of original con- 
struction, and of maintaining the repairs of a rail- 
road, is to be placed against the certain facility 
which it offers to draught. 

In the attempts which have been made to adapt 
locomotive engines to turnpike roads, the projectors 
have aimed at the accomplishment of two objects : 
first, the construction of lighter and smaller engines ; 
and, secondly, increased power. These ends, it is 
plain, can only be attained, with our present know- 
ledge, by the production of steam of very high tem- 
perature and pressure, so that the smallest volume 
of steam shall produce the greatest possible me- 
chanical effect. The methods of propelling the 
carriage have been in general similar to that used 
in the rail-road engines, viz. either by cranks placed 
on the axles, the wheels being fixed upon the same 
axles, or by connecting the piston rods with the 
spokes of the wheels, as in the engine represented 
in fig. 55» In some carriages, the boiler and mov- 
ing power, and the body of the carriage which bears 
the passengers, are placed on the same wheels. In 
others, the engine is placed on a separate carriage, 
and draws after it the carriage which transports the 
passengers, as is always the case on railways. 

The chief difference between the steam engines 
used on railways, and those adapted to propel car- 
riages on turnpike roads, is in the structure of the 

M 3 



246 THE STEAM ENGINE. 

boiler. In the latter it is essential that, while the 
power remains undiminished, the boiler should be 
lighter and smaller. The accomplishment of this 
has been attempted by various contriyances for so 
distributing the water, as to expose a consider- 
able quantity of surface in contact with it to the 
action of the fire : spreading it in thin layers on flat 
plates; inserting it between plates of iron placed 
at a small distance asunder, the fire being admitted 
between the intermediate plates; dividing it into 
small tubes, round which the fire has play ; intro- 
ducing it between the surfaces of cylinders placed 
one within another, the fire being admitted between 
the ahernate cylinders, — have all been resorted to 
by di£Perent projectors. 

(105.) First and most prominent in the history 
of the application of steam to the propelling of 
carriages on turnpike roads, stands the name of 
Mr. GoLDswoRTHY GuRNEY, a medical gentleman 
and scientific chemist, of Cornwall. In 1822, Mr. 
Crurney succeeded Dr. Thompson as lecturer on 
chemistry at the Surrey Institution ; and, in conse- 
quence of the results of some experiments on heat, 
his attention was directed to the project of working 
steam-carriages on common roads; and since 1825 
he has devoted his exertions in perfecting a steam 
engine capable of attaining the end he had in view. 
Numerous other projectors, as might have been ex- 
pected, have followed in his wake. Whether they, 
or any of them, by better fortune, greater public 
support, or more powerful genius, may outstrip him 
in the career on which he has ventured, it would 
noly perhaps, at present, be easy to predict But 
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whatever be the event, to Mr. Gumey is due, and 
will be paid, the honour of first proving the practi- 
cability of the project ; and in the history of the 
adaptation of the locomotive engine to common 
roads, his name will stand before all others in point 
of time, and the success of his attempts will be 
recorded as the origin and cause of the success of 
others in the same race. 

The incredulity, opposition, and even ridicule, 
with which the project of Mr. Gumey was met, 
are very remarkable. His views were from the 
first opposed by engineers, without one exception. 
The contracted habit of mind, sometimes produced 
by an education chiefly, if not exclusively, directed 
to a merely practical object, subsequently confirmed 
by exclusively practical pursuits, may,., perhaps, in 
some degree, account for this. But, I confess, it 
has not been without surprise that I have observed, 
during the last ten years, the utter incredulity which 
has prevailed among men of general science on this 
subject, — an incredulity which the most unequi- 
vocal practical proof has scarcely yet dispelled. 
" Among scientific men," says Mr. Gumeyy " my 
opinion had not a single supporter, with the excep- 
tion of the late Dr. Wbllaston.** 

The mistake which so long prevailed in the ap- 
plication of locomotives on rail-roads, and which, as 
we have shown, materially retarded the progress of 
that invention, was shared by Mr. Gumey. With- 
out reducing the question to the test of experi- 
ment, he took for granted, in his first attempts, that 
the adhesion of the wheels with the road was too 
slight to propel the carriage. He was assured, he 
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says, by eminent engineers, that this was a point 
settled by actual experiment It is strange, how- 
ever, that a person of his quickness and sagacity 
did not inquire after the particulars of these '^ ac- 
tual experiments." So, however, it was ; and, taking 
for granted the inability of the wheels to propel, 
he wasted much labour and skill in the contrivance 
of levers and propellers, which acted on the ground 
in a manner somewhat resembling the feet of hoi*ses, 
to drive the carriage forward. After various fruit- 
less attempts of this kind, the experience acquired in 
the trials to which they gave rise at last forced the 
truth upon his notice, and he found that the adhe- 
sion of the wheels was not only sufficient to propel 
the carriage heavily laden on level roads, but was 
capable of causing it to ascend all the hills which 
occur on ordinary turnpike roads. In this manner 
it ascended all the hills between London and Bar- 
net, London and Stanmore, Stanmore Hill, Brock- 
ley Hill, and mounted Old Highgate Hill, the last 
at one point rising one foot in nine. 

It would be foreign to my present object to de- 
tail minutely all the steps by which Mr. Gumey 
gradually improved his contrivance. • This, like 
other inventions, has advanced by a series of par- 
tial failures ; but it has at length attained that state, 
in which, by practice alone, on a more extensive 
scale, a further degree of perfection can be obtained. 

(106.) The boiler of this engine is so con- 
structed that there is i^o part of it, not even ex- 
cepting the grate bars, in which metal exposed to 
the action of the fire is out of contact with water. 
If it be considered how rapidly the action of an 
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intense furnace destroys metal when water is not 
present to prevent the heat from accumulating, the 
advantage of this circumstance will be appreciated. 
I have seen the bars of a new grate, never before 
used, melted in a single trip between Liverpool and 
Manchester; and the inventor of another form of 
locomotive engine has admitted to me that his grate 
bars, though of a considerable thickness, would not^ 
last more than a week. In the boiler of Mr. Gurn^ 
the grate bars themselves are tubes filled with water, 
and form, in fact, a part of the boiler itself. This 
boiler consists of three strong metal cylinders placed 
in a horizontal position one above the other. A sec- 
tion, made by a perpendicular or vertical plane, is 
represented in fig. 62. The ends of the three cylin- 
ders, just mentioned, are represented at d, h, and i. 
In the side of the lowest cylinder d are inserted a 
row of tubes, a ground plan of which is represented 
in fig. 63. These tubes, proceeding from the side 
of the lowest cylinder d, are inclined slightly up- 
wards, for a reason which I shall presently explain^ 
From the nature of the section, only one of these 
tubes is visible in fig. 62, at c. The other extremi- 
ties of these tubes at a are connected with the 
same number of upright tubes, one of which is ex- 
pressed at E. The upper extremities g of these 
upright tubes are connected with another set of 
tubes K, equal in number, proceeding from g, in- 
clining slightly upwards, and terminating in the 
second cylinder h. 

An end view of the boiler is exhibited in fig. 64., 
where the three cylinders are expressed by the same 
letters. Between the cylinders d and H there are 
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two tubes of communication b, and two aitnilar 
tubes between the cylinders h and t. From the 
nature of the section these appear only as a single 
tube in fig. 62. From the top of the cylinder r 




prooeeds a tube n, by whicli steam is conducted to 
the engine. 

It will be perceived that the space f is enclosed 
on every side by a grating of tubes, which have free 
communication with the cylinders d and h, which 
cylinders have also a free communication with each 
other by the tubes b. It follows, therefore) thu if 
water be supplied to the cylinder i, it will descend 
H 6 
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through the tubes, and first filling the cylinder d and 
the tubes c, will gradually rise in the tubes b and Xy 
will next fill the tubes k and the cylinder h. The 
grating of water pipes c e k forms the fumace, the 
pipes c being the fire bars, and the pipes s and K 
being the back and roof of the stove. The fire-door, 
for the supply of fuel, appears at m, fig. 64. The 
flue issuing between the tubes f is conducted over 
4he tubes K, and the flame and hot air are carried off 
thfoagh a chimney. That portion of the heat of 
the burning fuel, which in other furnaces destroys 
the bars of the grate, is here expended in heating 
the water contained in the tubes c. The radiant heat 
of the fire acts upon the tubes k, forming the roof 
of the furnace, on the tube e at the back of it, and 
partially on the cylinders d and h, and the tubes b. 
The draft of hot air and flame passing into the flue 
at A, acts upon the posterior surfaces of the tubes 
E, and the upper sides of the tubes k, and finally 
passes into the chimney. 

As the water in the tubes c e k is heated, it be- 
comes specifically lighter than water of a less tem- 
perature, and consequently acquires a tendency to 
ascend. It passes, therefore, rapidly into h« Mean- 
while the colder portions descend, and the inclined 
positions of the tubes c and k give play to this 
tendency of the heated water, so that a prodigiously 
rapid circulation is produced, when the fire begins 
to act upon the tubes. When the water acquires 
such a temperature that steam is rapidly produced, 
steam bubbles are constantly formed in the tubes 
surrounding the fire; and if these remained sta- 
tionary in the tubes, the action of the fire would not 
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only decompose the steam, but render the tubes red 
hot, the water not passing through them to carry 
off the heat. But the inclined position of the tubes, 
already noticed, effectually prevents this injurious 
consequence. A steam bubble which is formed 
either in the tubes c or k, having a tendency to as- 
cend proportional to its lightness as compared with 
water, necessarily rushes upwards ; if in c towards 
A, and if in k towards h. But this motion of the 
steam is also aided by the rapid circulation of the 
water which is continually maintained in the tubes, 
as already explained ; otherwise it might be possible^ 
notwithstanding the levity of steam compared with 
water, that a bubble might remain in a narrow tube 
without rising. I notice this more particularly, be- 
cause the burning of the tubes is a defect which 
has been erroneously, in my opinion, attributed to 
this, boiler. To bring the matter to the test of ex- 
periment, I have connected two cylinders, such as 
D and H, by a system of glass tubes, such as repre- 
sented at c E K. The rapid and constant circulation 
of the water was then made evident: bubbles of 
steam were formed in the tubes, it is true ; but they 
passed with great rapidity into the upper cylinder, 
and rose to the surface, so that the glass tubers never 
acquired a higher temperature than that of the 
water which passed through them. 

This I conceive to be the chief excellence of Mr. 
Gurneys boiler. It is impossible that any part of 
the metal of which it is formed can receive a greater 
temperature than that of the water which it con- 
tains ; and that temperature, as is obvious, can be 
regulated with the most perfect certainty and pre* 
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cbion. I have seen the tubes of this boiler, while 
exposed to the action of the furnace, after that ac- 
tion has continued for a long period of time, and I 
have never observed the soot which covers them to 
redden, as it would do if the tube attained a certain 
temperature. 

Every part of the boiler being cylindrical, it has 
the form which, mechanically considered, is most 
favourable to strength, and which, within given 
dimensions, contains the greatest quantity of water. 
It is also free from the defects arising from unequal 
expansion, which are found to be most injurious 
in tubular boilers. The tubes c and k can freely 
expand in the direction of their length, without be- 
ing loosened at their joints, and without straining 
any part of the apparatus ; the tubes £, being short, 
are subject to a very slight degree of expansion ; 
and it is obvious that the long tubes, with which 
they are connected, will yield to this without suflPer- 
ing a strain, and without causing any part of the 
apparatus to be loosened. 

When water is converted into steam, any foreign 
matter which maybe combined with it is disengaged, 
and is deposited on the bottom of the vessel in which 
the water is evaporated. All boilers, therefore, re- 
quire occasional cleansing, to prevent the crust thus 
formed from accumulating ; and this operation, for 
obvious reasons, is attended "with peculiar difficultp 
in tubular boilers. In the case before us, the crust 
of deposited matter would gather and thicken in the 
tubes c and k, and if not removed, would at length 
choke them. But besides this, it would be attended 
with a still worse effect ; for, being a bad conductor, 
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it would intercept the heat in its transit from the 
fire to the water, and would cause the metal of the 
tube to become unduly heated. Mr. Gurnet^ of 
course foresaw this inconvenience, and contrived an 
ingenious chemical method of removing it, by occa« 
sionally injecting through the tubes such an acid as 
would combine with the deposit, and carry it away. 
This method was perfectly effectual ; and although 
its practical application was found to be attended 
with difficulty in the hands of common workmen, 
Mr. Gurnet/ was persuaded to adhere to it by the 
late Dr. Wollastony until experience proved the im- 
possibility of getting it effectually performed, under 
the circumstances in which boilers are commonly 
used. Mr. Gumey then adopted a method of remov- 
ing the deposit by mechanical means. Opposite the 
mouths of the tubes, and on the other side of the cy- 
linders D and H, are placed a number of holes, which, 
when the boiler is in use, are stopped by pieces of 
metal screwed into them. When .the tubes require 
to be cleaned these stoppers are removed, and an 
iron scraper is introduced through the holes into the 
tubes, which, being passed backwards and forwards, 
removes the deposit. The boiler may be thus cleaned 
by a common labourer in half a day, at an expense 
of about \s. 6d, 

The frequency of the periods at which a boiler of 
this kind requires cleaning must depend, in a great 
degree, on the nature of the water which is used ; 
one in daily use with the water of the river Thames 
would not require cleaning more than once in a 
month. Mr* Gurnet/ states that with water of the 
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most onfayourable description, once a fortnight 
would be sufficient. 

(107*) In the more recent boilers constructed 
by Mr. Gumeyy he has maintained the draught 
through the furnace, by projecting the waste 
steam up the chimneys ; a method so per- 
fectly effectual, that it is unlikely to be super- 
seded by any other. The objection which has 
been urged against it in locomotive engines, 
working on turnpike roads, is, that the noise 
which it produces has a tendency to frighten 
horses. 

In the engines on the Liveipool road, the steam is' 
aUowed to pass directly from the eduction pipe of the 
cylinder to the chimney, and it there escapes in puf& 
corresponding with the alternate motion of the pis- 
tons, and produces a noise, which, although attended 
with no inconvenience on the rail-road, would 
perhaps be objectionable on turnpike roads. In 
the engine used in Mr. Gumey's steam-carriage, the 
steam which passes from the cylinders is conducted 
to a receptacle, which he calls a blowing box. This 
box serves the same purpose as the upper chamber 
of a smith's bellows. It receives the steam from the 
cylinders in alternate pufis, but lets it escape into 
the chimney in a continued stream by a number of 
small jets. Regular draught is by this means pro- 
duced, and no noise is perceived. Another exit for 
the steam is also provided, by which the conductor 
is enabled to increase or diminish, or to suspend 
altogether, the draught in the chinmey, so as to' 
adapt the intensity of the fire to the exigencies of 
the road. This is a great convenience in practice ; 
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because, on *some roads, a draught is scarcely re- 
quired, while on others a powerful blast is indis- 
pensable. 

Connected with this blowing box, is another 
apparatus of considerable practical importance. 
The pipe through which the feeding water 
is conducted from the tank is carried through 
this blowing box, within which it is coiled 
in a spiral form, so that an extensive thread 
of the water is exposed to the heat of the waste 
steam which has escaped from the cylinders, and 
which is enclosed in this blowing box. In passing 
through this pipe the feeding water is raised from 
the ordinary temperature of about 6(f to the tem- 
perature of 212°. The fuel necessary to accomplish 
this is, therefore, saved, and the amount of this b 
calculated at l-6th of all that is necessary to evapo- 
rate the water. Thus, l-6th of the expense of fuel ia 
saved. But, what is much more important in a loco-» 
motive engine, a portion of the weight of the engine 
is saved without any sacrifice of its power. There 
is still another great advantage attending this pro- 
cess. The feeding water in the worln just mentioned, 
while it takes up the heat from the surrounding 
steam in the blowing box, condenses l-6th of the 
waste steam, which is thence conducted to the tank, 
from which the feeding water is pumped, saving in 
this manner l-6th in weight and room of the water 
necessary to be carried in the carriage for feeding 
the boiler.* 

^ In boilers constructed >for stationary j)urposes, or for 
steam navigation, the steam-pipe, after it has passed through 
the blowing box, is continueid and made to form a series of 
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So far as the removal of all inconvenience arising 
from noise, this contrivance has been proved bj ex- 
perience to be perfectly effectual.* 

When steam is generated so rapidly as is neces- 
sarily the case in locomotive boilers, it rises with 
great violence in numerous bubbles from the bottom 
of the boiler to the surface of the water, and puts 
the liquid into a state of foaming turbulence not 
unlike the sea in a storm. As the steam rushes 
from the surface into the upper part of the boiler 
under these circumstances, it carries with it a 
spray by which water is scattered in minute sub- 
division among the steam, and floats there like the 
spray which rises from the base of a cascade. If 
the steam be conducted immediately to the cylinder 
from the boiler in this state, it will carry with it the 
water which is thus suspended in it, which will 
pass through the cylinder, and finally be driven 
into the atmosphere upon the returning stroke of 
the piston. The hot water thus carried off pos- 
sesses none of the mechanical properties of steam, 
and is wholly inefficient as a moving power. 
It is what practical engineers call priming, and 
is an extensive source of the waste of heat. In 
every boiler, therefore, some means should be pro- 
vided for the separation of the water thus suspended 
in the steam, before the steam is conducted to the 



returned flues oyer the boiler, to as to take up the waste heat 
after it has passed the boiler, and before it reaches the chimney. 
But in locomotive engines for common roads, the power 
gained by the waste heat is not rfufiScfent to propel the weight 
of the material necessary for taking it up. 
* See Report of th* Commons. 
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cylinder. In ordinary boilers, the large space 
which remains above the surface of the water serves 
this purpose. The steam being there subject to no 
agitation or disturbance, the water mechanically sus- 
pended in it descends by its own gravity, and leaves 
pure steam in the upper part. In the small tubular 
boilers, this has been a matter, however, of greater 
difficulty. The contracted space in which the 
ebullition takes place, causes the water to be 
mixed with the steam in a greater quantity than 
could happen in common boilers : and the want of 
the same steam-room renders the separation of the 
water from the steam a matter of some difficulty. 
These inconveniences have been attempted to 
be overcome by various contrivances. I have 
already described the rapid and regular circulation 
effected by the arrangement of the tubes. By 
this a regularity in the currents is established^ 
which has a tendency to diminish the mixture 
of water with the steam. In addition to thisy 
a most effectual method of separation is provided 
in the vessel i, which is a strong iron cylinder 
of some magnitude, placed out of the immediate 
influence of the fire. A partial separation of the 
steam from the water takes place in the cylin- 
der H ; and the steam with the water mechanically 
suspended in it, technically called moist steam, 
rises into the separator i* Here, being free from 
all agitation and currents, and being, in fact, qui- 
escent, the particles of water fall to the bottom, 
while the pure steam remains at the top. This 
separator, therefore, serves all the purposes of the 
steam-room above the surface of the water in the 
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large plate boilers. The dry steam is thus collected 
and ready for the supply of the engine through the 
tube N, while the water, which is disengaged from it, 
is collected at the bottom of the separator, and is 
conducted through the tube t to the lowest vessel d, 
to be again circulated through the boiler. 

The pistons of the engine work on the axles of 
the hind wheels of the carriage which bears the 
engine, by cranks, as in the locomotives on the Man- 
chester railway, so that the axle is kept in a con- 
stant state of rotation while the engine is at work. 
The wheels placed on this axle are not permanently 
fixed or keyed upon 'it, as in the Manchester loco- 
motives ; but they are capable of turning upon it 
in the same manner as ordinary carriage wheels. 
Immediately within these wheels there are fixed upon 
the axles two projecting spokes or levers, which re- 
volve with the axle, and which take the position of 
two opposite spokes of the wheel. These may be 
occasionally attached to the wheel or detached from 
it ; so that they are capable of compelling the wheels 
to turn with the axle, or leaving the axle free to turn 
independently of the wheel, or the wheel independent 
of the axle, at the pleasure of the conductor. It is 
by these levers that the engine is made to propel 
either or both of the wheels. If both pairs of spokes 
are thrown into connection with the wheels, the 
crank shaft or axle will cause both wheels to turn 
with it, and in that case the operation of the carriage 
is precisely the same as those of the locomotives 
already described upon the Liverpool and Manches- 
ter line ; but this is rarely found to be necessary, 
since the adhesion of one wheel with the road is 
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generally sufficient to propel the carriage, and con- 
sequently only one pair of these fixed levers are 
generally used, and the carriage propelled by only 
one of the two hind wheels. The fore wheels of the 
carriage turn upon a pivot similar to those of a 
fotlr-wheeled coach. The position of these wheels 
is changed at pleasure by a pinion and circular 
rack, which is moved by the conductor, and in this 
manner the carriage is guided with precision and 
facility. 

The force of traction necessary to propel a car- 
riage upon common roads must vary with the vari- 
able quality of the road, and consequently the pro- 
pelling power, or the pressure upon the pistons of 
the engine, must be susceptible of a corresponding 
variation ; but a still greater variation becomes 
necessary from the undulations and hills which are 
upon all ordinary roads. This necessary change in 
the intensity of the impelling power is obtained 
by restraining the steam in the boiler by the 
throttle valve, as already described in the locomo- 
tive engines on the rail-road. This principle^ 
however, is carried much further in the present 
case. The steam in the boiler may be at a 
pressure of from 100 to 200 lbs. on the square 
inch ; while the steam on the working piston may 
not exceed 30 or 40 lbs. on the inch. Thus an 
immense increase of power is always at the com- 
mand of the conductor; so that when a hill is 
encountered, or a rough piece of road, he is en- 
abled to lay on power sufficient to meet the exi- 
gency of the occasion. 

The two difficulties which have been always ap- 
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prehended in the practical working of steam car^ 
riages upon common roads are, first, the command 
of sufficient power for hills and rough pieces of road ; 
and, secondly, the apprehended insufficiency of the 
adhesion of the wheels with the road to propel the 
carriage. The former of these difiiculties has b^n 
met by allowing steam of very great pressure to be 
constantly maintained in the boiler with perfect 
safety. As to the second, all experiments tend 
to show that there is no ground for the supposi- 
tion that the adhesion of the wheels is in any 
case insufficient for the purposes of propulsion. 
Mr. Gumey states, that he has succeeded in driving 
carriages thus propelled up considerable hills on 
the turnpike roads about London. He made a 
journey to Barnet "with only one wheel attached to 
the axle, which was found sufficient to propel the 
carriage up all hills upon that road. The same 
carriage, with only one propelling wheel, also went 
to Bath, and surmounted all the hills between Cran- 
ford Bridge and Bath, going and returning. 

A double stroke of the piston produces one re- 
volution of the propelling wheels, and causes the 
carriage to move through a space equal to the cir- 
cumference of those wheels. It will therefore be 
obvious, that the greater the diameter of the wheels, 
the better adapted the carriage is for speed ; and, on 
the other hand, wheels of smaller diameter are better 
adapted for power. In fact, the propelling power of 
an engine on the wheels will be in the inverse pro- 
portion of their diameter. In carriages designed to 
carry great weights at a moderate speed, smaller 
wheels "will be used; while in those intended for 
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the transport of passengers at considerable velo- 
cities, wheeb of at least 5 feet diameter are most 
advantageous. 

Among the numerous popular prejudices to which 
this new invention has given rise, one of the most 
mischievous in its effects and most glaring in its 
falsehood, is the notion that carriages thus propelled 
are more injurious to roads than carriages drawn 
by horses. This error has been most clearly and 
successfully exposed in the evidence taken before 
the committee of the House of Commons upon steam 
carriages. It is there fully demonstrated, not only 
that carriages thus propelled do not wear a turnpike 
road more rapidly than those drawn by horses, but 
that, on the other hand, the wear by the feet of 
horses is far more rapid and destructive than any 
which could be produced by the wheels of carriages. 
Steam carriages admit of having the tires of the 
wheels broad, so as to act upon the road more in the 
manner of rollers, and thereby to give consistency 
and firmness to the material of which the road is 
composed. The driving wheels, being fully proved 
not to slip upon the road, do not produce any effects 
more injurious than the ordinary rolling wheels ; 
consequently the wear occasioned by a steam carriage 
upon a road is not more than that produced by a 
carriage drawn by horses of an equivalent weight 
and the same or equal tires ; but the wear produced 
by the pounding and digging of horses' feet in 
draught is many times greater than that produced 
by the wear of any carriage. Those who still have 
doubts upon this subject, if there be any such per- 
sons, will be fully satisfied by referring to the evi- 
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dence which accompanies the report of the commit- 
tee of the House of Commons, printed in October, 
1831. In that report they will not only find de- 
monstrative evidence that the introduction of steam 
carriages will materially contribute to the saving in 
the weaf of turnpike roads, but also that the practi- 
cability of working such carriages with a great 
saving to the public — with great increase of speed 
and other conveniences to the traveller — is fully 
established. 

>The weight of machinery necessary for steam- 
carriages is sometimes urged as an objection to their 
practical utility. Mr. Gumey states, that, by suc- 
cessive improvements in the details of the machinery, 
the weight of his carriages, without losing any of 
the propelling power, may be reduced to 35 cwt., 
exclusive of th& load and fuel and water : but 
thinks that it is possible to reduce the weight still 
further. 

A steam-carriage constructed by Mr. Gumeyy 
weighing 35 cwt., working for 8 hours, is found, 
according to his statement, to do the work of 
about 30 horses. He calculates that the weight 
of his propelling carriage, which would be capable 
of drawing 18 persons, would be equal to the weight 
of 4 horses ; and the carriage in which these persons 
would be drawn would have the same weight as a 
common stage coach capable of carrying the same 
number of persons. Thus the weight of the whole 
— the propelling carriage and the carriage for pas- 
sengers taken together — would be the same with 
the weight of a common stage coach, with 4 horses 
inclusive. 
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(108.) There are two methods of applying loco- 
motives upon common roads to the transport of 
passengers or goods ; the one is by causing the 
locomotive to carry, and the other to draw the load ; 
and different projectors have adopted the one and 
the other method. Each is attended with its advan- 
tages and disadvantages. If the same carriage 
transport the engine and the load, the weight of the 
whole will be less in proportion to the load carried ; 
also a greater pressure may be produced on the wheels 
by which the load is propelled. It is also thought 
that a greater facility in turning and guiding the 
vehicle, greater safety in descending the hills, and a 
saving in the original cost, will be obtained. On 
the other hand, when the passengers are placed in 
the same carriage with the engine, they are neces- 
sarily more exposed to the noise of the machinery 
and to the heat of the boiler and furnace. The 
danger of explosion is so slight, that, perhaps, it 
scarcely deserves to be mentioned ; but still the ap- 
prehension of danger on the part of the passengers, 
even though groundless, should not be disregarded. 
This apprehension will be obviously removed or 
diminished by transferring the passengers into a 
carriage separate from the engine ; but the greatest 
advantage of keeping the engine separate from the 
passengers is the facility which it affords of changing 
one engine for another in case of accident or de- 
rangement on the road, in the same manner as horses 
are changed at the different stages : or, if such an 
accident occur in a place where a new engine can- 
not be procured, the load of passengers may be car- 
ried forward by horses, until it is brought to some 

N 
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Station where a locomotive may be obtained.' Then 
18 also an advantage arising from the circumstanoe 
that when the engines are under r^air, or in pro* 
cess of cleaning, the carriages for passengers are 
not necessarily idle. Thus the same number of 
carriages for passengers will not be required whai 
the engine is used to draw as when it b used to 
carry. 

In case of a very powerful engine being used to 

carry great loads, it would be quite impracticable 
to place the engine and loads on four wheels, the 
pressure being such as no turnpike road could bear* 
In this case it would be indispensably necessary to 
place a part of the load at least upon separate car- 
riages to be drawn by the engine. 

In the comparison of carriages propelled by steam 
with carriages drawn by horses, there is no respect 
in which the advantage of the former is so apparent 
as the safety afforded to the passenger. Steam 
power is under the most perfect control, and a car- 
riage thus propelled is capable of being guided with 
the most admirable precision. It is also capable 
of being stopped almost suddenly, whatever be its 
speed ; it is capable of being turned within a space 
considerably less than that which would be neces- 
sary for four-horse coaches. In turning sharp cor^ 
ners, there is no danger, with the most ordinary 
care on the part of the conductor. On the other 
hand, horse power, as is well known, is under very 
imperfect control, especially when horses are used 
adapted to that speed which at present is generally 
considered necessary for the purposes of travelling* 
^ The danger of being run away with and over- 
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turned/' says Mr. Farey^ in his evidence before the 
House of Commons, *'is greatly diminished in a 
steam coach. It b very difficult to control four 
such horses as can draw a heavy stage coach ten 
miles an hour, in case they are frightened or choose 
to run away ; and, for such quick travelling, they 
must be kept in that state of courage that they are 
always inclined to run away, particularly down hill, 
aifd at sharp turns in the road. Steam power has 
very little corresponding danger, being perfectly 
controllable, and capable of having its power re- 
versed to retard in going down hill. It must be 
carelessness that would occasion the overturning of 
a steam carriage. The chance of breaking down 
has been hitherto considerable, but it will not be 
more than in stage coaches when the work is truly 
proportioned and properly executed. The risk from 
explosion of the boiler is the only new cause of 
danger, and that I consider not equivalent to the 
danger from horses." 

That the risk of accident from explosion is very 
slight indeed, if any guch ritik exists, may be proved 
firom the fact that the boilers used on the Liverpool 
and Manchester rail-road being much larger, and, 
in proportion, inferior in strength to those of Mr. 
Gurneyy and other steam carriage projectors, have 
never yet been productive of any injurious conse- 
quences by explosion, although they -have fre- 
quently burst. I have stood close to a -locomotive 
on the rail-road when the boiler burst. The effect 
was that the water passed through the tubes into 
a^e fire and extinguished it, but no other conse- 
qlience ensued. 

N 2 
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In fig. 65. is represented the appearance of a loco- 
motive of Mr. Gumey% drawing after it a carnage 
for passengers. 

(109.) One of the greatest difficulties which loco- 
motives upon a turnpike road have to encounter is 
the ascent of very steep hills, for it is agreed upon 
all hands that hills of very moderate inclinations 
present no difficulty which may not be easUy over- 
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come, even in the present state of our knowledge. 
The fact of Mr. Gumey having propelled his car- 
riage up old Highgate Hill, when the apparatus 
was in a much more imperfect state than that to 
which it has now attained, establishes the mere 
question of the possibility of overcoming the diffi- 
culty ; but it remains still to be decided whether the 
inconvenience caused by providing means of meeting 
the exigency of very steep hills may not be greater 
than the advantage of being able to surmount them 
can compensate for: and Mr. Farey^ whose au- 
thority upon subjects of this kind is entitled to 
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the highest respect, thinks that it is upon the whole 
more advantageous to provide, at very steep hills, 
post horses to assist the steam-carriage up them, 
than to incur the inconvenience of providing the 
necessary power and strength of machinery for oc- 
casions which at best but rarely occur. If the 
question merely referred to the command of motive 
power, it appears to me that Mr. Gumeys boiler 
would be amply sufficient to supply all that could 
be required. for any hills which occur upon turn- 
pike roads ; but it is not to be forgotten, that not 
merely an ample supply of motive power, but also 
a strength and weight in the machinery proportion- 
JEite to' the power to be exerted, is indispensably ne- 
cessary. The strength and weight necessary to 
ascend a very steep hill will be considerably greater 
than that which is necessary for a level road, or for 
hills of moderate inclinations ; and it follows that if 
we ascend those steep hills by the unaided power of 
the locomotive, we must load the engine with all 
the weight of machinery requisite for such emer- 
gencies, such additional weight being altogether 
unnecessary, and therefore a serious impediment 
upon all other parts of the road, inasmuch as it 
must exclude an equivalent weight of goods or pas- 
sengers, which might otherwise be transported, and 
thereby in fact diminish proportionally the efficiency 
of the machine. It is right, however, to observe, 
that this is a point upon which a difference of opi- 
nion is entertained by persons equally competent to 
form a judgment, and that some consider -that it is 
practicable to construct an engine without iticon- 

N 3 
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Tenient weight which will ascend all the hiDs which 
occur upon turnpike roads. 

However this may be» the difficulty is one which 
the improved system of roads in England renders of 
a comparatively trifling nature. If horses were re- 
sorted to as the means of assistance up such hills as 
the engine would be incapable of surmounting, such 
aid would not be requisite more than twice or 
thrice upon the mail-coach road between London 
and Holyhead ; and the same may be said of the 
roads connecting the pmnts of greatest intercourse 
in the kingdom. Such hills as the ascent at Pen- 
tonville upon the New Road, the ascent in St 
James's Street, the ascent from Waterloo Place to 
the County Fire Office, the ascent at Highgate 
Archway, present no difficulty whatever. It b only 
Old Highgate Hill, and hills of a similar kind, 
which would ever require a supply of horses in aid 
of the engine. I therefore incline to agree with 
Mr. Fareyy that, at least for the present, it will be 
more expedient to construct carriages adapted to 
surmount moderate hiUs only, and to provide post 
horses in aid of the extreme emergencies to which I 
have just alluded. 

(110.) In the boiler to be used in the steam car- 
riage projected by Mr. Walter Hancock^ the sub- 
division of the water is accomplished by dividing a 
case or box by a number of thin plates of metal, 
like a galvanic battery, the water being allowed to 
flow between every alternate pair of plates, at e, 
flg. 66., and the intermediate spaces h forming the 
flue through which the flame and hot air are pro- 
pelled. 
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In fkrt, a number of thin plMes of water ve eipoied on 
both udes to the miMt intense actjon of Bame and heated air ; 
so that (team of a higlipressureia produced in great abundance 
and with conmderable rapiditf. The plates forming the boiler 
are bolted together b; strong iron ties, eitendlng acroaa the 
boiler, at right angles to the plates, a* represenled in the figure. 
The distance between the plates is two inches. 

TlwTeare ten flat chambers of this kind Tor water, and inter, 
mediately between them ten flues. Under the flues is the 
fire-place, or gnlf ; containing six square feet of fuel in itiiid 
GombuMion. Tbe chambers are all filled to about two third* 
of tbeil depth with water, and the other third is left for steam. 

ftff. es- 




The water-chambers, ihroughouttbe whole leriea, communicate 
with each other both at top and bottom, and are held togethar 
by two large bolts. By releawng these bolt*, at any time, the 
chambers fall asunder j and by screwing them up they may be 
all made tight Bg»in. The water is suppQed to the boiler by 
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These boflers are constmcled to bear a pressure 
of 400 or 500 lbs. on the square inch ; but the aver- 
age pressure of the steam on the safetj valve is 
from 60 to 100. There are 100 square feet of sur- 
fiice in contacPwith the water exposed to the fire. 
The stages which such an engine performs are eight 
mOesy at the end of which a fresh supply of fuel and 
water are taken in. It requires about two bushels 
of coke for each stage. 

The steam-carriage of Mr. Haneo€k differs from 
that of Mr. Crwmey in this, — that in the former 
the passengers and engine are all placed on the 
same carriage. The boiler is placed behind the 
carriage ; and there is an engine-house between the 
boUer and the passengers, the latter being placed in 
the fore part of the vehicle ; so that all the machinery 
b behind them. The carriages are adapted to carry 
14 passengers, and weigh, exdusive of their load, 
about S^ tons, the tires of the wheeb being about 
S^ inches in breadth. Mr. Hmmeo€k states, that the 
construction of his boiler b of such a nature, that, 
even in the case of bursting, no danger b to be 
apprehended, nor any other inconvenience than the 
stoppage of the carriage. He states that, while 
travelling about 9 miles an hour, and woridng with a 
pressure of about 100 lbs. on the square inch, loaded 
with 13 passengers, the carriage was suddenly stop- 
ped. At first the cause of the accident was not 
i^pparent ; but, on opening one of the cocks of the 
boiler, it was found that it contained neither steam 



LOCOMOTIVE ENGINES ON TURNPIKE ROADS. 273 

nor water. Further examination proved that the 
boiler had burst On unscrewing the bolts, it was 
found that there were several large holes in the 
plates of the water-chamber, through which the 
water had flowed on the fire; but neither noise 
nor explosion, nor any dangerous consequences, 
ensued. 

This boiler has some obvious defects. It is evi- 
dent that thin flat plates are the form which, me- 
chanically considered, is least favourable to strength ; 
nor does it appear that any material advantage is 
gained to compensate for this by the magnitude of 
the surface exposed to the action of the fire. It is 
a great defect that a part of the surface of each of 
the plates is exposed to the action of the fire while 
it is out of contact with the water ; in fact, in the 
upper part of the spaces marked e, fig. 66., steam 
only is contained. It has been observed by en- 
gineers, and usually shown by experiment, that if 
steam be heated on the surface of water, it will 
be decomposed, and its elasticity destroyed ; this is 
not the only evil connected with the arrangement, 
for on this part of the metal, nevertheless, the fire 
acts, — with less intensity, it is true, than on that 
part which contains the water, — but still with suf- 
ficient intensity to destroy the metal. Mr. Hancock 
appears to have attempted to remedy this defect by 
occasionally inverting the position of the flat cham- 
bers, placing that which at one time was at the bot- 
tom at the top, and vice versd. This may equalise 
the wear produced by the action of the fire upon 
the metal out of contact with water, but still the 
wear on the whole will not be less rapid. There 

N 5 
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appears to be no provision or space for separating 
the steam from the water with which it is charged ; 
in fact, there are no means in this engine of dis- 
charging the function of Mr. Gumey'% separator. 
This will be found to produce considerable waste 
and loss of power in practice. 

The bars upon which the fire rests are of solid 
metal ; and such is the intense heat to which they 
are subject, that, in an engine constantly at work, 
it is unlikely that they will last, without being 
renewed, more than about a week, if so much. 
The draft is maintained in this engine by means of 
a revolving fan worked by the engine. This, per- 
haps, is one of the greatest defects as compared with 
other locomotives. The quantity of power requisite 
to work this bellows, and of which the engine is 
robbed, is very great This defect is so fatal, that I 
consider it is quite impossible that the ingenious in- 
ventor can persevere in the use of it. Mr. Hancock 
has abandoned the use of the cranks upon his work- 
ing axle, and has substituted an endless chain and 
rag-wheels. This also appears to me defective, 
and a source by which considerable power is lost. 
On the other hand, however, the weakness of the 
axle which is always produced by cranks is avoided. 

(111.) Mr. Nathaniel Ogle of Southampton ob- 
tained a patent for a locomotive carriage, and 
worked it for some time experimentally; but as 
his operations do not appear to have been con- 
tinued, I suppose he was unsuccessful in fulfilling 
those conditions, without which the machine could 
not be worked with economy and profit. In his 



LOCOMOTIVE ENGINES ON TURNPIKE ROADS. 275 

e^dence before a committee of the House of Com- 
mons, he has thus described his contriyance : — 

" The base of the boiler and the summit are composed of 
cross pieces, cylindrical within and square without ; there are 
holes bored through these cross pieces, and inserted through 
the whole is an ear tube. The inner hole of the lower surface, 
and the under hole of the upper surface, are rather larger than 
the other ones. Round the air tube is placed a small cylinder, 
the collar of which fits round the larger aperture on the inner 
surface of the lower frame, and the under mirface of the upper 
frame- work. These are both drawn together by screws from 
the top ; these cross pieces are united by connecting pieces, the 
whole strongly bolted together ; so that we obtain, in one tenth 
of the space, and with one tenth of the weight, the same heat- 
ing surface and power as is now obtained in other and low- 
pressure boilers, with incalculably greater safety. Our present 
experimental boiler contains 250 superficial feet of heating 
surface in the space of 3 feet 8 inches high, 3 feet long, and 2 
feet 4 inches broad, and weighs about 8 cwt. We supply the 
two cylinders with steam, communicating by their pistons with 
a crank axle, to the ends of which either one or both wheels 
are affixed as may be required. One wheel is found to be 
sufficient, except under very difficult circumstances, and when 
the elevation is about one foot in six to impel the vehicle 
forward. 

'* The cylinders of which the boiler is composed are so small 
as to bear a greater pressure than could be produced by the 
quantity of fire beneath the boiler ; and if any one of these 
cylinders should be injured by violence, or any other way, it 
would become merely a safety valve to the rest. We never, 
with the greatest pressure, burst, rent, or injured our boiler ; 
and it has not once required cleaning, after having been in use 
twelve months.** 

(112.) Dr. Church of Birmingham has obtained 
a succession of patents for contrivances connected 
with a locomotive engine for stone roads; and a 
company, consisting of a considerable number of 
individuals, possessing sufficient capital, has been 
formed in Birmingham for carrying into effect bis 
designs, and working carriages on his principle. 
The present boiler of Dr. Church is formed of cop- 

N 6 
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per. The water is contained between two sheets 
of copper, united together by copper nails, in a 
manner resembling the way in which the cloth 
forming the top of a mattress or cushion is united 
with the cloth which forms the bottom of it, except 
that the nsdls or pins, which bind the sheets of cop- 
per, are much closer together. The water, in fact, 
seems to be " quilted" or " padded'' in between two 
sheets of thin copper. This double sheet of copper is 
formed into an oblong rectangular box, the interior 
of which is the fire-place and ash-pit, and over the 
end of which is the steam-chest. The great extent 
of surface exposed to the immediate action of the fire 
causes steam to be produced with great rapidity. 

An obvious defect which such a boiler presents 
is^the difficulty of removing from it any deposit or 
incrustation, which may collect between the sheets 
of copper so closely and intricately connected. Dr. 
Church proposes to e£Pect this, when it is required, 
by the use of an acid, which will combine readily 
with the incrustation, and by which the boiler may 
therefore be washed. This method of cleansing 
boilers was recommended by Dr. Wollaston to Mr. 
Gumey, who informed me, however, that he found 
that it was not practicable in the way in which boilers 
must conmionly be used. 

I apprehend, also, that the spaces between the 
sheets of copper, in Dr. Church's boiler just de- 
scribed, will hardly permit the steam bubbles 
which will be formed to escape with sufficient 
facility into the steam-chest ; and being retained in 
that part of the boiler which is exposed to the ac- 
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stion of the fire, the metal will be liable to receive 

m m undue temperature. 
' * I have, however, seen this engine working, and its 

m performance was very satisfactory. 

St (113.) Various other projects for steam carriages 

^ on common roads are in various degrees of ad- 
vancement, among which may be mentioned those 

^ of Messrs. Maudslay and Field, Col. Macerone, and 
Mr. Russell of Edinburgh ; but our limits compel us 
to omit any detailed account of them. 
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CHAP. XU. 

> 

STEAM NAVIGATION. 

r]U>PaL8I0N BT PADDLK WHEELS. MANKER OF DRIVING THEM. 

MARINE BNGli^ ITS FORM AND ARRANGEMENT. PRO- 
PORTION OF ITS CTLINDBR.— .INJURY TO BOILERS BT DEPOSITS 
AND INCRUSTATION.^ NOT EFFECTUALLY REMOVED BY BLOW' 
ING OUT* -^ tHK, SAMUEL HALL*S CONDENSER. — ITS AD- 
VANTAGES. ORIGINALLY SUGGESTED BY WATT. — HALL*S 

8TBAM 8AVEB, HOWARD'S VAPOUR ENGINE. MORGAN*S 

PADDLE WHEELS. LIMITS OF STEAM NAVIGATION. — PROPOR- 
TION OF TONNAGE TO POWER. AVERAGE SPEED. CONSUMP- 

TION OF FUEL. IRON STEAM£RS.>^AMER1CAN STEAM RAFT.— 

STEAM NAVIGATION TO INDIA. BY EGYPT AND THE RED SEA 

TO BOMBAY. BY SAMS ROUTE TO CALCUTTA. BY SYRIA 

AND THE EUPHRATES TO BOMBAY. STEAM COMMUNICATION 

WITH THE UNITED STATES FROM THE WEST COAST OF IRELAND 
TO ST. JOHN*S, HALIFAX, AND NEW YORK. 

(114?.) Among the various ways in which the 
steam engine has ministered to the social progress of 
our race, none is more important and interesting than 
the aid it has afforded to navigation. Before it lent 
its giant powers to that art, locomotion over the 
waters of the deep was attended with a degree of 
danger and uncertainty, which seemed so inevit- 
able, that, as a common proverb, it became the 
type and representative of every thing else which 
was precarious and perilous. The application, 
however, of steam to navigation has rescued the 
mariner from much of the dangers of the winds 
and waves ; and even in its actual state, apart from 
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the improvements which it is still likely to receivei 
it has rendered all voyages of moderate length as 
safe and as regular as journeys over land ; and we 
are now upon the brink of such improvements as 
"vWU probably so extend the powers of the steam 
engine, as to render it available as the means of 
connecting the most distant points of the earth. 

The manner in which the steam .engine is com- 
monly applied to propel vessels must be so familiar 
as to require but short explanation. A pair of 
wheels, like common undershot water-wheels, bear- 
ing on their rims a number of flat boards called 
paddle boards, are placed one at each side of the 
vessel, in such a position that when the vessel is im- 
mersed to her ordinary depth the lowest paddle 
boards shall be submerged. These wheels are fixed 
upon a shaft, which is made to revolve by cranks 
placed upon it, in the same manner as the fly wheel 
of a common steam engine is turned. It is now the 
invariable custom to place in steam vessels two en- 
gines, each of which works a crank: these two 
cranks are placed at right angles to each other, in 
the same manner as the cranks already described 
upon the working axles of locomotive engines. 
When either crank is at its dead point, the other is 
in full activity, so that the necessity for a fly wheel 
is superseded. The engines may be either con- 
densing or high-pressure engines ; but in Europe 
the low-pressure condensing engine has been ge- 
nerally used for nautical purposes. In the United 
States, where steam navigation had its origin, and 
where it was, until a recent period, much more ex- 
tensively practised than in Europe, less objection was 
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felt to the use of high-pressure engines ; and their 
limited bulk, small original cost, and simplicity of 
structure, strongly recommended them, more espe- 
cially for the purposes of river navigation. 

The arrangement of the parts of the maritime 
engine differs, in some respects, from that of the land 
engine. Want of room renders greater compactness 
necessary; and in order to diminish the height of 
the machine, the working beam is transferred from 
above the cylinder to below it. In fact, there are 
two beams, one at each side of the engine, which 
are connected by parallel motions with the piston, 
the rods of the parallel motions extending from the 
lower part of the engine to a cross beam at the top of 
the piston rod. The working end of the beam moves 
the crank by a connecting rod, presented upwards, 
instead of downwards as in the land engine. The 
proportion of the length and diameters of the cy- 
linders differ from those of land engines, for a like 
reason : to save height, short cylinders with large 
diameters are used. Thus, in an engine of ^00 
horse power, the length of the cylinder is sometimes 
60 inches, and Its diameter 53 inches : the valves 
and the gearing which work them, the air pump, 
condenser, and other parts of the machine, do not 
differ materially from those already described in the 
land engines. 

The nature of the work which the marine engine 
has to perform is such, that great regularity of action 
is neither necessary nor possible. The agitation of 
the surface of the sea will cause the immersion of 
the paddle wheels to vary very much, and the resist- 
ance to the engine will undergo a corresponding 
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change : the governor, and other parts of the appa^ 
ratus already described, contrived for imparting to 
the engine that extreme regularity which is indis- 
pensable in its application to manufactures, are 
therefore here omitted ; and nothing is introduced 
except what is necessary to maintain the engine in 
its full working power. 

It is evident that it must be a matter of consider, 
able importance to reduce the space occupied by 
the machinery on board a veissel to the least possible 
dimensions. The marine boilers, therefore, are 
constructed so as to yield the necessary quantity of 
steam with the smallest practical dimensions. With 
this view a much more extensive surface in propor- 
tion to the size of the boiler is exposed to the action 
of the fire. In fact, the flues which carry off the 
heated air to the chinmey are conducted through the 
boiler, so that the heated air which constantly fills 
them shall act upon the water on every side in 
thin oblong shells, which traverse the boiler backward 
and forward repeatedly, until finally they terminate 
in the chimney. By this arrangement the original 
expense of the boilers is very considerably increased ; 
but, on the other hand, their steam*producing power 
is also greatly augmented ; and from experiments 
lately made by Mr. Watt at Birmingham, it appears 
that they work with an economy of fuel compared 
with common land boilers in the proportion of 
about two to three. Thus they have the additional 
advantage of saving the tonnage as well as the ex- 
pense of one third of the fuel. 

One of the most formidable difficulties which has 
been encountered in applying the steam engine to 
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the purposes of navigation has ariseii from the ne- 
cessity of supplying the boiler with sea water, inr 
stead of pure fresh water. This water (also used for 
the purpose of condensation) being injected into 
the condenser and mixed with the condensed steam, 
is conducted as feeding water into the boiler. 

The salt contained in the sea water, not being 
evaporated, remains in the boiler. In fact, it is se* 
parated from the water in the same manner as by 
the process of distillation. As the evaporation in 
the boiler is continued^ the proportion of salt con- 
tained in the water is, tlierefbre, constantiy increased, 
untU a greater proportion is accumulated than the 
water is capable of holding in solution ; a deposition 
of salt then commences, and is lodged in the cavities 
at the bottom of the boiler. The- continuance of 
this process, it is evident, would at length fill the 
boiler with salt. 

But besides this, under some circumstances, a 
deposition of lime* is made, and a hard incrustation 
is formed on the inner surface of the boiler. In 
some situations, also, sand and mud are received 
into the boiler, being suspended in the water 
pumped in for feeding it. All these substances, 
whether deposited in a loose form in the lower 
parts of the boiler or collected in a (»'ust on its 
inner surface, form obstructions to the passage of 
heat from the fire to the water. The crust thus 
formed is not unfrequentiy an inch or more in 
thickness^ and so hard that good chisels are broken 

* Ten thousand grains of pure sea water contain muriate 
of soda 220 grs., sulphate of soda 33 grs., muriate of mag^ 
nesia 42 grs., and muriate of lime 8 grs. 
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in removing it The heat more or less intercepted 
by these substances collects in the metal of the 
boiler, and raises it to a temperature far exceeding 
that of the water within. It may even, if the in-, 
crustation be great, be sufficient to render the 
boiler red-hot These circumstances occasion the 
rapid wear of the boiler, and endanger its safety by 
softening it 

The remedy which has generally been adopted to. 
remove or diminish these injurious effects consists^ 
in allowing a stream of hot water continually to. 
flow from the boiler, and supplying from the feed- . 
pipe a corresponding portion of cold water. While 
the hot water which flows from the boiler in this 
case contains, besides its just proportion of salt, 
that portion which has been liberated from the water 
converted into vapour, the cold water which is sup- . 
plied through the feed-pipe contains less than its 
just proportion of salt, since it is composed of the 
natural sea water, mixed with the condensed steam, 
which latter contains no salt. In this manner, the 
proportion of the salt in the boiler may be prevented 
from accumulating ; but this is attended with con- 
siderable inconvenience and loss. It is evident that 
the discharge of the hot water, and the introduction 
of so considerable a quantity of cold water, entails 
upon the machine a great waste of fuel, and, con- 
sequently, renders it necessary that the vessel should 
be supplied with a much larger quantity of coals 
than are merely necessary for propelling it In long 
voyages, where this inconvenience is most felt, it 
is a circumstance of obvious importance. But 
besides the waste of fuel, the speed of the vJQssel is 
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diminished by the rate of evaporation in the boiler 
being checked by the constant stream of cold water 
flowing into it This process of discharging the 
water, which is called blowing outy is only practised 
occasionally. In the Admiralty steamers, the en- 
gineers are ordered to blow out every two hours. 
But it is more usual to do so only once a day. 

This method, however, of blowing out furnishes 
but a partial remedy for the evils we have alluded 
to : a loose deposit will perhaps be removed by such 
means, but an incrustation, more or less accord- 
ing to the circumstances and quality of the water 
will be formed; besides which, the temptation 
to work the vessel with efficiency for the moment 
induces the engine men to neglect blowing out; 
and it is found that this class of persons can rarely 
be relied upon to resort to this remedy with that 
constancy and regularity which are essential for the 
due preservation of the boilers. The class of steam 
vessels which, at present, are exposed to the greatest 
injury from these causes are the sea-going steamers 
employed by the Admiralty; and we find, by a 
report made by Messrs. Lloyd and Kingston to the 
Admiralty, in August, 1834, that it is admitted 
that the method of blowing out is, even when daily 
attended to, ineffectual. " The water in the boiler," 
these gentlemen observe, " is kept from exceeding 
a certain degree of saltness, by periodically blowing 
a portion of it into the sea ; but whatever care is 
taken, in long voyages especially, salt will accumu- 
late, and sometimes in great quantities and of great 
hardness, so that it is with difficulty it can be re- 
moved. Boilers are thus often injured as much in 
a few months as they would otherwise be in as many 
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years. The other evil necessarily resulting from this 
state of things is, besides the rapid destruction of 
the boilers, a great waste of fuel, occasioned by 
the difficulty with which the heat passes through 
the incrustation on the inside, by the leaks which 
are thereby caused, and by the practice of blowing 
out periodically, as before mentioned, a considerable' 
portion of the boiling water." 

It would be impracticable to carry on board the 
vessel a sufficient quantity of pure fresh water to 
work the engine exclusively by its means. To ac- 
complish this, it would be necessary to have a suf- 
ficient supply of cold water to keep the condensing 
cistern cold, to supply the jet in the condenser, and 
to have a reservoir in which the warm water coming 
from the waste pipe of the cold cistern might be 
allowed to cool. Engineers have therefore directed 
their attention to some method by which the steam 
may be condensed without a jet, and after con- 
densation be preserved for the purpose of feeding 
the boiler. If this could be accomplished, it would 
not be necessary to provide a greater quantity of 
pure water than would be sufficient to make up the 
small portion of waste which might proceed from 
leakage and from other causes ; and it is evident 
that this portion might always be readily obtained 
by the distillation of sea-water, which might be ef- 
fected by a small vessel exposed to the same fire 
which acts upon the boiler. 

(115.) Mr. SoMud HaU of BcLsfordy near 
Nottingham, has taken out patents for a new form 
of condenser, contrived for the attainment of 
these ends, besides some other improvements in the 
engine. 
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The condenser of Mr. Hall consists of a great 
number of narrow tubes immersed in a cistern of 
cold water : the steam as it passes from the cylin* 
der, after having worked the piston^ enters these 
tubes, and is immediately condensed by their cold 
surfaces. It flows in the form of water from their 
remote extremities, and is drawn off by the air- 
pump, and conducted in the usual way to a cistern, 
from which the boiler is fed. In the marine engines 
constructed under Mr. HalC% patents, the tubes of 
the condenser being in an upright or vertical posi- 
tion, the steam flows from the cylinder into the 
upper part of the condenser, which is a low flat 
chamber, in the bottom of which is inserted the 
upper extremities of the tubes, through which the 
steam passes downwards, and as it passes b con- 
densed. It flows thence into a similar chamber 
below, from whence it is drawn off by the air-pump. 

It is evident that at sea an unlimited supply of cold 
water may be obtained to keep the condensing cis- 
tern cold, so that a perfect condensation may always 
be effected by these tubes, if they be made suf- 
ficientiy small. The water formed by the condensed 
steam will be pure distilled water ; and if the boiler 
be originally fllled with water which does not hold 
in solution any earthy or other matter which might 
be deposited or incrusted, it may be worked for 
any length of time without injury. The small quan- 
tity of waste from leakage is supplied in Mr. Hall's 
engine by a simple apparatus in which a sufficient 
quantity of sea water may be distilled. 

The following are the advantages, as stated \xj 
Mr. Hall, to be gained by his condenser : — 
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1. A saving of fuel, amounting in some cases 
to so much as a third of the ordinary consumption. 

2. The preservation of the boilers from the de- 
struction produced in common engines by the cor- 
rosive action of «ea or other impure "water, and by 
kicrustations of earthy matter. 

3. The saving of the time spent in cleaning the 
boilers. 

4. A considerable increase of power, owing to the 
cleanness of the boilers; the absence of injected 
water to be pumped out of a vacuum ; the greater 
perfection of the vacuum ; the better preservation 
of the piston and valves of the air-pump ; and (by 
pother contrivance of his) the more perfect lubri- 
cation of the parts of the -engine. 

5. The water in the boiler being •constantly 
maintained at the same height by self-acting ar- 
rangement. 

6. The size of a boiler exerting a given power 
being much smaller than the common kind, owing 
t© its more perfect action. 

Messrs. Lloyd and Kingston were employed by 
government to examine and report the effects o( 
Mr. Hall's boilers, and they stated in their report, 
already referred to, that the result is so successful 
as to leave nothing to be wished for. Among the 
advantages which they enumerate are the increased 
durability of the engines ; llie prevention of acci- 
dents through carelessness, or otherwise, arising from 
the condenser and air-pump becoming choked with 
injection water ; and the additional security against 
the boilers being burnt in consequence of the water 
being suffered to get too low. But the greatest 
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advantages, compared with which they consider all 
others to be of secondary importance, are the in- 
creased durability of the boilers and the saving of 
fuel. 

About 18 engines, built either wholly upon Mr. 
HalVs principle or having his condenser attached to 
them, have now (April, 1836) been working in 
different parts of England, and on board different 
vessels for various periods, from three years to three 
months ; and it appears from the concurrent testi- 
mony of the proprietors and managers of them, that 
they are attended with all the advantages which the 
patentee engaged for. The part of the contrivance 
the performance of which would have appeare4 
most doubtful would have been the maintenance 
of a sufficiently good vacuum in the condenser, in 
the absence of the usual method of condensation 
by the injection of cold water ; nevertheless it ap- 
pears that a better vacuum is sustained in these en- 
gines than in the ordinary engines which condense 
by jet. The barometer gauge is stated to vary from 

29 to 29^ inches, and in some cases comes up to 

30 inches, according to the state of the barometer: 
this is a vacuum very nearly perfect, and indeed 
may be said to be so for all practical purposes. The 
Prince Llewellyn and the Air steam packets, belong- 
ing to the St. George Steam Packet Company, have 
wotked such a pair of these engines for about a year. 
The City of London steam packet, the property of 
the General Steam Navigation Company, has been 

' furnished with two fifty-horse engines, and has 
worked them during the same period. In all cases 
the boilers have been fbund perfectly free from. 
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sfcate or incrustation ; and the deposit is either ab- 
solutely nothing or very trifling, requiring the boiler 
to be swept about once in half a year, and some- 
times not so often. The trial which has been made ' 
of these engines in the navy has proved satisfactory, 
so far as it has been carried. The Lords of the 
Admiralty have lately ordered a pair of seventy- 
horse engines to be constructed on this principle for 
a vessel now (October, 1835) in process of con- 
struction*; and another vessel in all respects similar, 
except having copper boilers, is likewise ordered ; 
so that a just comparison may be made. It would, 
however, have been more fair if both vessels had 
been provided with iron boilers, since copper does 
not receive incrustation as readily as iron. 

It would seem that the advantages of these boilers 
in the vessels of the St. George Steam Packet 
Company were regarded by the directors as suffi- 
ciently evident, since, after more than a year's 
experience, they have lately placed a pair of ninety- 
horse engines of this kind in a new and powerful 
steamer called the Hercules. 

Engines furnished with Mr. HalFs apparatus have 
not yet, so far as I am informed, been tried with 
reference to the power exerted by the consumption 
of a given quantity of fuel. The mere fact of a 
good vacuum being sustained in the condenser 
cannot be regarded as a conclusive proof of the 
efficiency of the engine. Without the water or 
air introduced by a condensing jet, Mr. Hall, 
nevertheless, uses as large an air-pump as that of 

* This order has, as Mr. Hall informs me, been given without 
requiring any guarantee as to the performance of the engines. 

O 
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an ordinary condensing engine, and recommends 
even a larger one. For what purpose, it may be 
asked, is such an appendage introduced ? If there 
be nothing to be removed but the condensed steam, 
a very small pump ought to be sufficient. It is not 
wonderful that a good vacuum should be sustained 
in the condenser, if the power expended on the air 
pump be employed in pumping away uncondensed 
steam. Such a contrivance would be merely a 
deception, giving an apparent but no real advan- 
tage to the engine. 

Having mentioned these advantages, which are 
said to arise from Mr. Hall's condenser, it is right 
to state that it is in fact a reproduction of an early 
invention of Mr. Watt. There is in the possession 
of James Watt, esquire, a drawing of a condenser 
laid before parliament in 1776, in which the same 
method of condensing without a jet is proposed. 
Mr. Watt, however, finding that he could not pro- 
cure by that means so sudden or so perfect a va- 
cuum ai^ by injection, abandoned it. I believe he 
also found that the tubes of the condenser became 
furred with a deposit which Impeded the process 
of condensation. It would seem, however, that 
Mr. Hall has found means to obviate these effects. 
It is right to add, that Mr. Hall, in his specification, 
distinctly disavows all claim to the invention of the 
method of condensing by tubes without jet 

There is another part of Mr. Hall's contrivance 
which merits notice. In all engines, a considerable 
quantity of steam is allowed to escape from the 
safety valve. Whenever the vessel stops, the steam, 
which would otherwise be taken from the boiler by 
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the cylinders, passes out through this valve into the 
atmosphere. Also, whenever the cylinders work 
at under-power, and do not consume the steam as 
fast as it is produced by the boiler, the surplus steam 
escapes through the valve. Now, according to the 
principle of Mr. HalFs method, it is necessary to 
save the water which thus escapes in vapour, since 
otherwise the pure water of the boiler would be 
more rapidly wasted. Mr. Hall accordingly places 
a safety valve of peculiar construction in com- 
munication with a tube which leads to the con- 
denser, so that whenever, either by stopping the 
engine or diminishing its working power, steam 
accumulates in the boiler, its increased pressure 
opens the safety valve, and it passes through this 
pipe to the condenser, wherle it is reconverted into 
water ; and, by occasionally working the engine, it 
is pumped off by the air-pump into the cistern 
from which the boiler is fed. 

(116.) The attainment of an object so advantageous 
as to extend the powers of steam navigation, and to 
render the performance of voyages of any length 
practicable, so far as the efficiency of the machi- 
nery is concerned, has naturally stimulated the in- 
ventive genius of the country. The preservation of 
the boiler by the prevention of deposit and incrust- 
ation is an object of paramount importance ; and its 
attainment necessarily involves, to a certain degree, 
another condition on which the extension of steam 
voyages must depend, viz. the economy of fuel. 
In proportion as the economy of fuel is increased, 
in the same proportion will the limit to which steam 
navigation may be carried be extended. 

o 2 
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'. A patent has been obtained by Mr. Thomas 
Howard of London for a form of engine possessing 
much novelty and ingenuity, and having pretensions 
to the attainment of a very extraordinary economy 
of fuel, in addition to those advantages which have 
been already explained as attending Mr. HalVs en- 
gines. In these engines, as in Mr. Halls, the steam 
is constantly reproduced from the same water, so 
that pure or distilled water may be used ; but Mr, 
Howard dispenses with the use of a boiler altogether. 
The steam also with which he works is in a state 
essentially different from the steam used in ordinary 
engines. In these, the vapour is raised directly 
from the water in a boiling state, and it contains as 
much water as it is capable of holding at its tem- 
perature. Thus, at the temperature of 212^, a 
cubic foot of steam used in common 'engines will 
contain about a cubic inch of water ; but in the con- 
trivance of Mr. Howard, a considerable quantity 
of hei t is imparted to the steam before it passes 
into tie cylinder, in addition to what is necessary 
to maintain it in the vaporous form, and conse- 
quently a cubic foot of steam at 212^ will contain 
much less than a cubic inch of water. 

A quantity of mercury is placed in a shallow 
wrought-iron vessel over a coke fire, by which it is 
maintained at the temperature of from 400° to 500°. 
The surface exposed to the fire is three fourths of a 
square foot for each horse power. The upper surface 
of the mercury is covered by a very thin plate of 
iron^ which rests in contact with it, and which is so 
contrived as to present about four times as much 
surface as that exposed beneath to the fire. At^acent 
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to this a vessel of water is placed, kept heated neariy 
to the boiling point, which communicates by a noz- 
zle and valve with the chamber or vessel immediately 
above the mercury. At intervals corresponding to 
the motion of the piston, a small quantity of water 
is injected firom this vessel, and thrown upon the 
plate of iron which rests upon the hot mercury: 
from this it receives the heat necessary not only 
to convert it into steam, but to expand that 
steam, and raise it to a temperature above the 
temperature it would receive if raised in immediate 
contact with water. In fact, the steam thus pro- 
duced will have a temperature not corresponding to 
its pressure, but considerably above that point, and 
it will therefore be in circumstances under which it 
will part with more or less of its heat, and allow its 
temperature to be lowered without being even par- 
tially condensed; whereas steam used in the ordinary 
steam engines must be more or less condensed by 
the slightest diminution of its temperature. The 
quantity of liquid injected into the steam chamber 
must be regulated by the power at which the engine 
is intended to work. The fire is supplied with air 
by a blowing machine, which is subject to exact 
regulation. The steam, produced in the manner 
already explained, passes into a chamber which 
surrounds the working cylinder ; and this chamber 
itself is enclosed by another space, through which the 
air from the furnace must pass before it reaches the 
flue. In this way the air imparts its redundant heat 
to the steam which is about to work the cylinder, 
and raises it to a temperature of about 400** ; the 
pressure, however, not exceeding 25 lbs. per square 

o3 
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inch. The arrangement of valves for the admission 
of the steam to the cylinder is such as to cause the 
steam to act expansively. 

The vacuum on the opposite side of the piston is 
maintained by condensation in the following man- 
ner : — The condenser is a copper vessel placed in 
a cistern constantly supplied with cold water, and 
the steam flows to it from the cylinder by an educ- 
tion pipe in the usual way : a jet is admitted to it 
from an adjacent vessel, which, before the engine 
commences work, is filled with distilled water ; the 
condensing water and condensed steam are pumped 
from the condenser by air-pumps of the usual con- 
struction, but smaller, inasmuch as there is no air 
to be withdrawn, as in common engines. The 
warm water thus pumped out of the condenser is 
driven into a copper pipe or worm, which is carried 
with many coib through a cistern of cold water, so 
that when it arrives at the end of this pipe it is 
reduced to the common temperature of the atmo- 
sphere. The pipe is then conducted into the vessel 
of distilled water already mentioned, and the water 
flowing from it continually replaces the water which 
flows into the condenser through the condensing jet. 
The condensing water being purged of air, a very 
small air pump is sufficient ; since it has only to ex- 
haust the condenser and tubes at starting, and to re- 
move whatever air may enter by casual leakage. The 
patentee states that the condensation takes place as 
rapidly and as perfectly as in the best engines- of the 
common kind, and it is evident that this method of 
condensation is applicable even where the mercurial 
generator already described may not be employed. 
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The vessel from which the water is injected into the 
mercurial generator is likewise fed by the air-pump 
connected with the condenser. There is another 
pipe besides the copper worm already described, 
which is carried from the hot well to this vessel, and 
the water is of course returned through it without 
being cooled. This vessel is likewise sufficiently 
exposed to the action of the fire to maintain it at a 
temperature somewhat below the boiling point. 

An apparatus of this construction was in the 
spring of last year (1835) placed in the Admi- 
ralty steamer called the Comet, in connection 
with a pair of ^O-horse engines. The patentee 
states that these engines were ill adapted to the 
contrivance; nevertheless, the vessel was success- 
fully worked in the Thames for 800 miles; she 
also performed a voyage from Falmouth to Lisbon, 
but was prevented from returning by an accident 
which occurred to the machinery near the latter 
port. In this experimental voyage, the consumption 
of fuel is stated never to have exceeded a third of 
her former consumption, when worked by Bolton 
and Watt's engines; the former consumption of coals 
being about 800 lbs. per hour, and the consumption 
with Mr. Howard's engine being under 250 lbs. of 
coke per hour. 

After this failure (which, however, it appears, 
was one of accident and not of principle) the go- 
vernment did not consider itself justified in bestow- 
ing further time or incurring greater expense in 
trying this engine. Mr. Howard, however, has 
himself built a new vessel, in which he is about to 
place a pair of forty-horse engines. The advan- 

o 4f 
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tages of the contrivance as enumerated by the pa- 
tentee are : — 

Firsty The small space and weight occupied by 
the machinery, arising from the absence of a boiler. 

Secondly y The diminished consumption of fuel. 

Thirdly y The reduced size of the fines. 

Fourthly y The removal of the injurious effects 
arising from deposit and incrustation. 

Fifthlyy The absence of smoke. 

Some of these improvements, if realized, will be 
attended with important advantages in steam navi- 
gation. Steamers of a given tonnage and power 
will have more disposable space for lading and 
fuel, and in short voyages may carry greater freight, 
or an increased number of passengers ; or by taking 
a larger quantity of fuel » , may make greater runs 
than are now attainable ; or, finally, with the same 
tonnage and the same lading, they may be supplied 
with more powerful machinery. 

(117.) To obtain from the moving power its full 
amount of mechanical effect in propelling the vessel, 
it would be necessary that its force should propel, 
by constantly acting against the water in a horizon- 
tal direction, and with a motion contrary to the 
course of the vessel. No system of mechanical 

* The fuel used in Mr. Howard's engine is coke, and not 
coal. A ton of coke occupies the same space as two tons of 
coal ; the saving of tonnage, therefore, by the increased econo- 
my of fuel will not be in so great a proportion as the saving 
of fuel. A quantity of fuel of equivalent power will occupy 
about half the present space, but the displacement or immer- 
sion which it produces will be only one fourth of its present 
effect. 
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propellers has, however, yet been contrived capable 
of perfectly accomplishing this. Patents have been 
granted for many ingenious mechanical combinations 
to impart to the propelling surfaces such angles as 
appeared to the respective contrivers most advan- 
tageous. In most of these, however, the mechani- 
cal complexity has formed a fatal objection. No 
part of the machinery of a steam vessel is so liable 
to become deranged at sea as the paddle wheels ; 
and$ therefore, that simplicity of construction which 
is compatible with those repairs which are possible 
on such emergencies is quite essential for safe prac- 
tical use. 

The ordinary paddle wheel, as I have already 
stated, is a wheel revolving upon a shaft driven by 
the engine, and carrying upon its circumference a 
number of flat boards, called paddle boards, which 
are secured by nuts and braces in a fixed position : 
and that position is su^h that the planes of the 
paddle boards diverge nearly from the centre of the 
shaft on which the wheel turns. The consequence of 
this arrangement is that each paddle board can only 
act in that direction which is most advantageous for 
the propulsion of the vessel when it arrives near the 
lowest point of the wheel. In figure 67. let o be the 
shaft on which the common paddle wheel revolves ; 
the position of the paddle boards are represented at 
A, B, c, &c. ; X, Y represents the water line, the course 
of the vessel being supposed to be from x to y ; the 
arrows represent the direction in which the paddle 
wheel revolves. The wheel is immersed to the depth 
of the lowest paddle board, since a less degree of 
immersion would render a portion of the surface of 
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Fig. 67. 




each paddle board mechanically useless. In the 
position A the whole force of the paddle board is 
efficient for propelling the vessel ; but, as the paddle 
enters the water in the position h, its action upon 
the water, not being horizontal, is only partially 
eflfective for propubion : a part of the force which 
drives the paddle is expended in depressing the 
water, and the remainder in driving it contrary to 
the course of the vessel, and, therefore, by its re-ac- 
tion producing a certain propelling effect. The 
tendency, however, of the paddle entering the water 
at H, is to form a hollow or trough, which the 
water, by its ordinary property, has a continual ten- 
dency to fill up. After passing the lowest point a, 
as the paddle approaches the position b, where it 
emerges from the water, its action again becomes 
oblique, a part only having a propelling effect, and 
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the remainder having a tendency to raise the water, 
and throw up a wave and spray behind the paddle- 
wheeL It is evident that the more deeply the 
paddle wheel becomes immersed, the greater will be 
the proportion of the propelling power thus wasted in 
elevating and depressing the water; and, if the wheel 
were immersed to its axis, the whole force of the 
paddle boards, on entering and leaving the water, 
would be lost, no part of it having a tendency to 
propel. If a still deeper immersion take place, the 
paddle boards above the axis would have a tendency 
to retard the course of the vessel. When the vessel 
is, therefore, in proper trim, the immersion should 
not exceed nor fall short of the depth of the lowest 
paddle ; but for various reasons it is impossible in 
practice to maintain this fixed immersion : the agi- 
tation of the surface of the sea, causing the vessel to 
roll, will necessarily produce a great variation in the 
immersion of the paddle wheels, one becoming fre- 
quently immersed to its axle, while the other is 
raised altogether out of the water. Also the draught 
of water of the vessel is liable to change, by the va- 
riation in her cargo ; this will necessarily happen in 
steamers which take long voyages. At starting they 
are heavily laden with fuel, which as they proceed 
is gradually consumed, whereby the vessel is light- 
ened ; and it does not appear that it is practicable to 
use sea water as ballast to restore the proper degree 
of immersion. 

(118.) To remove this defect, and economise as 
much as possible the propelling effect of the paddle- 
boards, it would be necessary so to construct them 

o 6 
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Hiat they may enter and leave the water edge-wayg^ 
or as nearly so as possible ; such an arrangement 
would be, in effect, equivalent to the process called 
feathering, as applied to oars. Any mechanism 
which would perfectly accomplish this, would cause 
the paddles to work in almost perfect silence, and 
would very nearly remove the inconvenient and in- 
jurious vibration which is produced by the action 
of the conmion paddles. But the construction of 
feathering paddles is attended with great difficulty, 
under the peculiar circumstances in which such 
wheels work. Any mechanism so complex that it 
could not be easily* repaired when deranged, with 
such engineering implements and skill as can be 
obtained at sea, would be attended with great objec* 
tions; and the efficiency of its propelling action 
would not compensate for the dangers which must 
attend upon the helpless state of a steamer, deprived 
of her propelling agents. 

Feathering paddle-boards must necessarily have 
a motion independently of the motion of the wheel, 
since any fixed position which could be given to 
them, though it might be most favourable to their 
action in one position would not be so in their 
whole course through the water. Thus the paddle- 
boards when at the lowest point should be in a ver- 
tical position, or so placed that its plane, if conti- 
nued upwards, would pass through the axis of the 
wheel. In other positions, however, as it passes 
through the water, it should present its upper edge, 
not towards the axle of the wheel, but towards a 
point above the highest point of the wheel. The 
precise point to which the edge of the paddle-board 
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should be continually directed^ is capable of mathe- 
matical determination. But it will vary according 
to some circumstances, which depend on the motion 
of the vessel. The progressive motion of the vessel, 
independently of the wind or current, must obvi- 
ously be slower than the motion of the paddle* 
boards round the axle of the wheel ; since it is by 
the difference of these velocities that the reaction 
of the water is produced by which the vessel is 
propelled. The proportion, however, between the 
progressive speed of the vessel and the rotative 
speed of the paddle-boards is not fixed : it will vary 
with the shape and structure of the vessel, and with 
its depth of immersion ; nevertheless it is upon this 
proportion that the manner in which the paddle- 
boards should shift their position must be deter- 
mined. If the progressive speed of the vessel were 
nearly equal to the rotative speed of the paddle- 
boards, the latter should so shift their position that 
their upper edges should be presented to a point 
very little above the highest point of the wheeL 
This is a state of things which could only take place 
in the case of a steamer of a small draught of water, 
shallop-shaped and so constructed as to suffer little 
resistance from the fluid. On the other hand, the 
greater the depth of immersion, and the less fine the 
lines of the vessel, the greater will be the resistance 
in passing through the water, and the greater will be 
the proportion which the rotative speed of the pad- 
dle-boards will bear to the progressive speed of the 
vessel. In this latter case the independent motion 
of the paddle-boards should be such, that their 
edges, while in the water, shall be presented towards 
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a point considerably above the highest point of the 
paddle wheel. 

A vast number of ingenious mechanical con- 
trivances have been invented and patented for ac- 
complishing the object just explained. Some of 
these have failed from the circumstance of their 
inventors not clearly understanding what precise 
motion it was necessary to impart to the paddle- 
board : others have failed from the complexity of 
the mechanism by which the desired effect was 
produced. Among the numerous contrivances for 
this purpose^ which may be found in the list of 
patents, two only have got into practical use to any 
considerable extent. 

In the year 1829, a patent was granted to Elijah 
Galloway for a paddle-wheel with moveable pad- 
dles, which was purchased soon afterwards by Mr. 
William Morgan. The wheel described in Gal- 
loway's specification, besides being subject to several 
mechanical defects was so constructed that the pad- 
dle-boards in passing through the water presented 
their edges very nearly to the highest point of the 
wheel, — an arrangement not compatible with the de- 
sired feathering effect. Subsequently to the pur- 
chase of the patent right by Mr. Morgan, the wheel 
therefore underwent considerable changes both in 
its mechanical structure and in the motion given to 
the paddle-boards ; after which improvements it was 
introduced with advantage in several of the Ad- 
miralty steamers. It was first tried on board His 
Majesty's steamer the Confiance; and after several 
experiments was ordered by the Lords of the Ad- 
miralty to be introduced on board the Flamer, the 
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Firebrand, the Columbia, the Spitfire, the 
Lightning, a large war steamer called the Medea*, 
the Tartarus, the Blazer, &c. It has been tried 
by Government in several well-conducted experi- 
ments, where two vessels of precisely the same 
model, supplied with similar engines of equal power^ 
and propelled, one by Morgan's paddle wheels, and 
the other by the common paddle wheels ; when it 
was found that the advantage of the former, whether 
in smooth or in rough water, was quite apparent. 
One of the commanders in these experiments (Lieu* 
tenant Bebon) states that the improvement in the 
speed of the Confiance, after being supplied with 
these wheels, was proportionately greater in a sea 
way than in smooth water; that their action was 
not impeded by the waves, since the variation of the 
velocity of the engine did not exceed one or two 
revolutions per minute : the vessel's way was never 
stopped, and there was no sensible increase of vibra- 
tion on the paddle boxes during the gale. Another 
commander reported that on a comparison of the 
Confiance, and a similar and equally powerful 
vessel, the Carron, the Confiance performed in 
fifty- four hours the voyage which occupied the Car- 
ron eighty-four hours in running. Independently of 
the great saving of fuel effected (namely, ten bushels 
per hourf ), or the time saved in running the same 

♦ This splendid ship is 860 tons burden, with engines of 
220-horse power. 

t See Report quoted in Mechanic's Magazine, vol. xxii. 
p. 275. This saving cannot amount to less than 40 per cent, 
upon the whole consumption of fuel ; it certainly is consider- 
ably beyond what I should have conceived to be possible ; but 
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distance, other advantages have been secured by the 
modification in question. On a comparison of the 
respective logs of the two vessels, it appeared thiEit 
the CoNFiANCE had gained by the alteration in her 
wheels an increase of speed amounting to 2 knots 
on 7 in smooth water, and 2J knots on 4 to 4^ 
knots in rough weather; that the action of the 
paddles did not bring up the engine or retard their 
velocity in a head sea ; that in rolling their aetioir 
assisted in righting the vessel; and that the wear. 
and strain, as well on the vessel as on the engineiy' 
were materially reduced. . With respect to the dum-^ 
bility of these wheels, the commander of the Flamer 
reported in January 1834, that in six weeks of the 
most tempestuous weather they found them to act 
remarkably well, without even a single float being 
shifted.* 

This paddle wheel is represented in figure 68. 
The contrivance may be shortly stated to consist in 
causing the wheel which bears the paddles to revolve 
on one centre, and the radial arms which move the 
paddles to revolve on another centre. Let a b c d 



I have no reason to doubt the accuracy of the Report. I esti- 
mate the former consumption at 10 pounds per horse power 
per hour, which on 220«horse power would be 2200 pounds, 
of which 840 pounds— 10 bushels, would be about -j^tbs. 

* See a more detailed account of these reports in the 
Mechanic's Magazine, vol. zxii. p. 274., from which I have 
taken the drawing of this paddle wheel ; and also see Report 
of the Committee of the House of Commons on Steam Nafi- 
gation to India, Evidence of William Morgan, p. 95. 
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£ F G H I be the polygonal circumference of the 
paddle wheel, formed of straight bars, securely con- 
nected together at the extremities of the spokes or 
radii of the wheel which turns on the shaft which 
is worked by the engine ; the centre of this wheel 
being at o. So far this wheel is similar to the com- 
mon paddle wheel ; but the paddle boards are not, 
as in the common wheel, fixed at abc, &c., so aa 
to be always directed to the centre o, but are so 
placed that they are capable of turning on axles 
which are always horizontal, so that they can take 
any angle with respect to the water which may be 
given to them. From the centres, or the line joining 
the pivots on which these paddle boards turn, there 
proceed short arms k, firmly fixed to the paddle 
boards at an angle of about 120°. On a motion 
given to this arm k, it will therefore give a corre- 
sponding angular motion to the paddle board, so as 
to make it turn on its pivots. At the extremities 
of the several arms marked k is a pin or pivot, to 
which the extremities of the radial arms l are 
severally attached, so that the angle between each 
radial arm l and the short paddle arm k is capable 
of being changed by any motion imparted to l ; the 
radial arms l are connected at the other end with a 
centre p, round which they are capable of revolving. 
Now, since the points abc, &c., which are the 
pivots on which the paddle boards turn, are moved 
in the circumference of a circle, of which the centre 
is o, they are always at the same distance from that 
point ; consequently they will continually vary their 
distance from the other centre p. Thus, when a 
paddle board arrives at that point of its revolution 
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at which the centre p lies precisely between it and 
the centre o, its distance from p is less than in any 
other position. As it departs from that point, its 
distance from the centre p gradually increases until 
it arrives at the opposite point of its revolution, where 
the centre o is exactly between it and the centre p; 
then the distance of the paddle board from the 
centre p is greatest. This constant change of dis- 
tance between each paddle board and the centre p 
is accommodated by the variation of the angle be- 
tween the radial arm l and the short paddle board 
arm k ; as the paddle board approaches the centre 
p this graduaUy diminishes ; and as the distance of 
the paddle board from p increases, the angle is like- 
wise augmented. This change in the magnitude of 
the angle, which thus accommodates the varying 
position of the paddle board with respect to the 
centre p, will be observed in the figure. The paddle 
board d is nearest to p ; and it will be observed that 
the angle contained between l and k is there very 
acute ; at e the angle between l and k increases, 
but is still acute ; at f it increases to a right angle ; 
at G it becomes obtuse ; and at k, where it is most 
distant from the centre p, it becomes most obtuse. 
It again diminishes at i, and becomes a right angle 
between a and b. Now this continual shifting of 
the direction of the short arm k is necessarily ac- 
companied by an equivalent change of position in 
the paddle board to which it is attached ; and the 
position of the second centre p is, or may be, so ad- 
justed that this paddle board, as it enters the water 
and emerges from it, shall be such as shall be most 
advantageous for propelling the vessel, and therefore 
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attended with less of that vibration which arises 
chiefly from the alternate depression and elevation 
of the water, owing to the oblique action of the 
paddle boards. 

Mr. Galloway has since made a further improve- 
ment, by which he professes to have attained some of 
these advantages, without the complexity of move- 
able paddle boards. He has resolved each paddle 
board into several narrow strips screwed upon the 
framing of the wheel, so as to leave open spaces 
^ between them, through which the water may pass 
freely, after its propelling action has ceased ; and 
these strips are placed one behind and within 
another, according to a certain geometrical curve, 
which determines their best action upon the 
water. The expense of this form of wheel will 
not be materially greater than the common paddle 
wheel. 

Another form of paddle wheel has been con- 
structed by Messrs. Seawards, by which the same 
motion is imparted to the paddle-boards as in Mor- 
gan's wheel, but by a different mechanism, which 
Messrs. Seawards consider to be free from several 
practical objections to which Mr. Morgan's wheel 
is liable. The details of the mechanism of these 
wheels would, however, lead us into an investigation 
of a length unsuitable to this treatise. 

(119.) To form an approximate estimate of the 
limit of the present powers of steam navigation, it will 
be necessary to consider the mutual relation of the 
capacity or tonnage of the vessel ; the magnitude, 
weight, and power of the machinery ; the available 
stowage for fuel ; and the average speed attainable 
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in all weathers, as well as the general purposes to 
which the vessel is to be appropriated, whether for 
the transport of goods and merchandise, or merely 
of despatches and passengers. That portion of 
the capacity of the vessel which is appropriated 
to the moving power consists of the space oc- 
cupied by the machinery and the fuel ; the mag- 
nitude of the latter will necessarily depend upon 
the length of the voyage which the vessel must 
make without receiving a fresh supply of coals. If 
the voyage be short, this space may be proportion- ^ 
ally limited, and a greater portion of room wiU be 
left for the machinery. If, on the contrary, the 
voyage be longer, a greater stock of coals will be 
necessary, and a less space will remain for the ma- 
chinery. More powerful vessels, therefore, in pro- 
portion to their tonnage, may be used for short than 
for long voyages. 

Taking an average of fifty-one voyages made by 
the Admiralty steamers, from Falmouth to Corfu 
and back during four years ending June, 1834, 
it was found that the average rate of steaming, ex- 
clusive of stoppages, was 7i miles per hour, taken 
direct between the places, and without allow- 
ing for the necessary deviations in the course of- 
the vessel. The vessels which performed this voy- 
age varied from 350 to 700 tons burthen by mea- 
surement, and were provided with engines varying 
from 100-horse to 200-horse power, with stowage 
for coals varying from 80 to 240 tons. The pro- 
portion of the power to the tonnage varied from 
1 horse to 3 tons to 1 horse to 4 tons ; thus, the 
Messenger had a power of 200 horses, and mea- 
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sured 730 tons; the Flamer had a power of 120 
horses^ and measured 500 tons; the Columbia had 
120 horses, and measured 360 tons. 

In general, it may be assumed that for the shortest 
class of trips, such as those of the Margate steamers, 
and the packets between Liverpool or "Holyhead 
and Dublin, the proportion of the power to the 
tonnage should be that of 1 -horse power to every 
2 tons by measure ; while for the longest voyages 
the proportion would be reduced to 1 horse to 4 
tons, voyages of intermediate lengths having every 
variety of intermediate proportion. 

Steamers thus proportioned in their power and 
tonnage may then, on an average of weathers, be 
expected to make 7i miles an hour while steaming, 
which is equivalent to 174 miles per day of twenty- 
four hours. But, in very long voyages, it rarely 
happens that a steamer can work constantly without 
interruption. Besides stress of weather, in which 
she must sometimes lie to, she is liable to occasional 
derangements of her machinery, and more especially 
of her paddles. In almost every long voyage hitherto 
attempted, some time has been lost in occasional re- 
pairs of this nature while at sea. We shall perhaps, 
therefore, for long voyages, arrive at a more cor- 
rect estimate of the daily run of a steamer by taking 
it at 160 miles. 

By a series of carefully conducted experiments 
on the consumption of coals, under marine boilers 
and common land boilers, which have been lately 
made at the works of Mr. Watt, near Birmingham, 
it has been proved that the consumption of fuel 
under marine boilers is less than under land boilers, 
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in the proportion of 2 to 3 very nearly. On t 
other hand, I have ascertained fram general 
servation throughout the manufacturing dist 
in the North of England, that the average ci 
sumption of coals under land boilers of all | 
above the' very smallest class is at the rate 
pounds of coals per horse power per hour. 
this result, the accuracy of which may be ft 
relied upon, combined with the reault of the expe- 
Eiments just mentioned at Soho, we may conclude 
that the average consumption of marine boilers will 
be at the rate of 10 Iba. of coal per horse power per 
hour. Mr. Field, of the firm of Maudslay and 
Field, in his evidence before a Select Committee of 
the House of Commons on Steam Navigation to 
India, has stated from his observation, and from 
esperimcnts made at different periods, that the 
consumption is only 8 lbs. per horse power per 
hour. In the evidence of Mr. William Morgan, 
however, before the same committee, the actual 
consumption of fuel on board the Mediterrani 
packets is estimated at 16 ewt. per hour for engii 
of 200-hor9e power, and 8^ cwt. for en^nes of : 
horse power, being at the rate of about 9 lbs. 
horse power per hour. From my own observation, 
which has been rather extensive both with respect to 
land and marine boilers, I feel assured that 10 lbs, 
per hour more nearly represents the average prac- 
tical consumption in steamers of all classes than the 
lower estimafe of Mr. Field. 

The actual consumption of fuel may be consider- 
ably diminished by proper management on the pi 
of the stokers. One of the moat experienced of 
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commanders of the Admiralty steamers has assured 
me, that by enforcing a strict observance of the 
method of feeding which I have described in 
Chapter VIII. *, he has succeeded in working with 
a very material saving of fuel. We lAay perh^s 
be justified in assuming that when this and all other 
practicable means of economising the coals shall have 
been practised, the actual consumption may be reduced 
to 81bs. per horse power per hour. Although it is. 
probable that all these means of economy will not 
be resorted to in short voyages, where the supply 
of coal is easy, yet as we approach the practical 
limit of a steam voyage they must be observed. In 
such cases then, taking the engine as working for 
twenty-two hours per day upon an average, the 
remaining time being left for casual stoppages, the 
daily consumption may be reduced to 176 lbs. of 
coal per horse power. 

When the proportion of the power to the tonnage 
remains unaltered, the speed of the vessel does not 
materially change. We may therefore assume that 
8 pounds of coal per horse power may carry a 
sea-going steamer adapted for long voyages 7i miles 
direct distance; and therefore to carry her 100 miles 
will require 1 10 pounds, or the -g'^th part of a ton 
nearly. Now, the Mediterranean steamers are 
capable of taking a quantity of fuel at the rate of 
Ij tons per horse power; but the proportion of 
their power to their tonnage is greater than that 
which would probably be adapted for longer runs. 
We shall, therefore, perhaps be warranted in assum- 

* P. 140, 141. 
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ing that it is practicable to construct a steamer ca-* 
pable of taking 1 J tons of fuel per horse power. At 
the rate of consumption just mentioned, this would 
be sufficient to carry her 3000 miles in average 
Ireather ; but as an allowance of fuel must always 
be made for emergencies, we cannot suppose it pos- 
sible for her to encounter this extreme run. Allow- 
ing, then, spare fuel to the extent of a quarter 
of a ton per horse power, we should have as an 
extreme limit of a steamer's practicable voyage, 
without receiving a relay of coals, a run of about 
2500 miles. 

(120.) This computation is« founded upon results 
obtained from the use of various qualities of coal. 
It has, however, been stated in evidence before the 
select committee above mentioned, that the Llan- 
gennech coal of Wales is considerably more powerful 
than the North of England coal. Captain Wilson, 
who commanded the Hugh Lindsay steamer in 
India, has stated that this coal is more powerful 
than Newcastle, in the proportion of 9 to 6^.* 
Some of the commanders of the Mediterranean 
packets have likewise stated that the strength of 
this coal is greater than that of Newcastle in the 
proportion of 16 to llf, or as 9 to 6 J. So far 
then as relates to this coal^ the above estimate may 
require some modification. 

The class of vessels best fitted for undertaking 
long voyages, without relays of coal, would be one 

* Vide Report of Select Committee on Steam Navigation, 
p. 152. 

t Ibid. p. 7. 
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from about lOOO or 1200 tons measurement, fur- 
nished with engines from 250 to 300 horse power. * 
Such vessels could take a supply of from 375 to 
450 tons of coals, which, being consumed at the 
rate of from 20 to 25 tons per day, would last about 
fifteen days. 

When these results, however, are applied to par- 
ticular cases, it will be necessary to remember that 
they are average calculations, and must be subject to 
such modifications as the circumstances may suggest 
In the particular instances : thus, if a voyage is con- 
templated under circumstances in which an adverse 
wind generally prevails, less than the average speed 
must be allowed, or, what is the same, a greater 
consumption of fuel for a given distance. Against 
a strong head wind, in which a sailing vessel would 
double-reef her top-sails, even a powerful steamer 
cannot make more than from 2 to 3 miles an hour, 
especially if she has a head sea to encounter. 

(121.) In considering the general economy of fuel, 
it may be right to state, that the results of experi- 
ence obtained in the steam navigation of our chan- 
neb, and particularly in the case of the Post Office 
packets on the Liverpool station, have clearly esta- 
blished the fact, that by increasing the ratio of the 
power to the tonnage, an actual saving of fuel 
in a given distance is effected, while at the same 
time the speed of the vessel is increased. In the case 

• Engines in steam vessels generally work considerably above 
their nominal power. The power, however, to which we uni- 
formly refer is the nominal power, or that power at which they 
would work with steam of the ordinary pressure. 

P 
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of the Po6t Office steamers called the Dolphin aiKl 
the Thetis (Liverpool station), the power haa 
been successively increased/and the speed pro- 
portionably augmented; but the consumption of 
fuel per mile has been diminished. This, at first 
view, appears inconsistent with the known theory 
of the resistance of solids moving through fluids ; 
since this resistance increases in the same pro- 
portion as the square of the speed. But this phy- 
sical principle is founded on the supposition that the 
immersed part of the floating body remuns the 
same. Now I have myself proved by experiments 
on canals, that when the speed of the boat is in- 
creased beyond a certain limit, its draught of water 
is rapidly diminished ; and in the case of a large 
steam raft constructed upon the river Hudson, it 
was found that when the speed was raised to 20 
miles an hour, the draught of water was diminished 
by 7 inches. I have, therefore, no doubt that the 
increased speed of steamers is attended with a like 
effect ; that, in fact, they rise out of the water ; so 
that, although the resistance is increased by reason 
of their increased speed, it is diminished in a still 
greater proportion by reason of their diminished 
immersion. 

Meanwhile, whatever be the cause, it is quite cer- 
tain that the resistance in moving through the water 
must be diminished, because the moving power is 
always in proportion to the quantity of coals con- 
sumed, and at the same time in the proportion to 
the resistance overcome. Since, then, the quantity 
of coals consumed in a given distance is diminished 
while the speed is increased, the resistance encoun- 
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tered throughout the same distance must be propor- 
tionally diminished. 

(122.) Increased facility in the extension and appli- 
cation of steam navigation is expected to arise from 
the substitution of iron for wood, in the construction 
of vessels. Hitherto iron steamers have been chiefly 
confined to river navigation ; but there appears no 
sufficient reason why their use should be thus li- 
mited. For sea voyages they offer many advantages ; 
they are not half the weight of vessels of equal 
tonnage constructed of wood ; and, consequently, 
with the same tonnage they will have less draught 
of water, and therefore less resistance to the pro- 
pelling power ; or, with the same draught of water 
and the same resistance, they will carry a propor- 
tionally heavier cargo. The nature of their material 
renders them more stiff and unyielding than timber; 
and they do not suffer that effect which is called 
hogging, which arises from a slight alteration which 
takes place in the figure of a timber vessel in rolling, 
accompanied by an alternate opening and closing of 
the seams. Iron vessels have the further advantage 
of being more proof against fracture upon rocks. If 
a timber vessel strike, a pl^k is broken, and a chasm 
opened in her many times greater than the point 
of rock which produces the concussion. If an iron 
vessel strike she will either merely receive a dinge, 
or be pierced by a hole equal in size to the point of 
rock which she encounters. Some examples of the 
strength of iron vessels were given by Mr. Macgregor 
Laird, in his evidence before the Committee of the 
Commons on Steam Navigatioti, among which the 
following may be mentioned :-* An iron vessel, called 

F 2 
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the Alburkah, in one of their experimental trials 
got aground, and lay upon her anchor : in a wooden 
vessel the anchor would probably have pierced her 
bottom ; in this case, however, the bottom was only 
dinged. An iron vessel^ built for the Irish Inland 
Navigation Company, was being towed across Lough 
Derg in a gale of wind, when the towing rope broke, 
and she was driven upon rocks, on which she bumped 
for a considerable time without anyinjury. A wooden 
vessel would in this case have gone to pieces. A 
further advantage of iron vessels (which in warm 
climates is deserving of consideration) is their greater 
coolness and perfect freedom from vermin. 

(123.) The greatest speed which has yet been at- 
tained upon water by the application of steam has 
been accomplished in the case of a river steamer of 
peculiar form, which was constructed upon the river 
Hudson. This boat, or rather raft, consisted of 
two hollow vessels formed of thin sheet iron some- 
what in the shape of spindles or cigars (from whence 
it was called the cigar boat). In the thickest part 
these floats were eight feet in diameter, tapering 
towards the ends, and about 300 feet long : these 
floats or buoys, being placed parallel to each other, 
having a distance of more than 16 feet between 
them, supported a deck or raft 300 feet long, and 
32 feet wide. A paddle wheel 30 feet in diameter 
and 16 feet broad revolved between the spindles, 
impelled by a steam engine placed upon the deck. 
This vessel drew about 30 inches of water, and at- 
tained a speed of from 20 to 25 miles an hour : she 
ran upon a bank in the river Hudson, and was lost. 
The projector is now employed in constructing an- 
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tether vessel of still larger dimensions. It is evident 
that such a structure is altogether unfitted for sea^ 
navigation. In the ease of a wide navigable river, 
however, such as the Hudson, it will no doubt be 
attended with the advantage of greater expedition. 

(124.) Several projects for the extension of steam 
navigation to voyages of considerable length have 
lately been entertained both by the public and by 
the legislature, and have imparted to every attempt 
to improve steam navigation increased interest. A 
committee of the House of- Commons collected 
evidence and made a report in the last session in 
favour of an experiment to establish a line of steam 
communication between Great Britain and India. 
Two routes have been suggested by the committee, 
each being a continuation of the line of Admiralty 
steam packets already established to Malta and the 
Ionian Isles. One of the routes proposed is through 
Egypt, the Red Sea, and across the Indian Ocean 
to Bombay, or some of the other Presidencies ; the 
other across the north part of Syria to the banks of 
the Euphrates, by that river to the Persian Gulf, 
and from thence to Bombay. Each of these routes 
will be attended with peculiar difficulties, and in 
both a long sea voyage will be encountered. 

In the route by the Red Sea, it is proposed to 
establish steamers between Malta and Alexandria 
(860 miles). A steamer of 400 tons burthen and 
lOO-horse power would perform this voyage, upon 
an average of all weathers incident to the situ- 
ation, in from 5 to 6 days, consuming 10 tons, of 
coal per day. But it is probable that it might be 
found more advantageous to establish a higher ratio 

p 3 
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between the power and the tonnage. From Alexaor 
dria, the transit might be effected by land across the 
Isthmus to Suez — a joumej of from 4 to 5 days-^ 
by caravan and camels; or the transit might be made 
either by land or water from Alexandria to Cairo, a 
distance of 173 miles ; and from Cairo to Suez, 93 
miles, across the desert, in about 5 days. At Suez 
woidd be a station for steamers, and the Red Sea 
would be traversed in 3 runs or more. If necessary, 
stations for coals might be established at Cosseir, 
Judda, Mocha, and finally at Aden or at Soeatra-^ 
an island immediately beyond the mouth of the Red 
Sea, in the Indian Ocean ; the run from Suez to 
Cosseir would be 300 miles — somewhat more than 
twice the distance from Liverpool to Dublin. From 
Cosseir to Judda, 450 miles; from Judda to Mocha, 
517 miles ; and from Mocha to Socatra, 632 miles. It 
is evident that all this would, without difficulty, in 
the most unfavourable weather, fall within the pre- 
sent powers of steam navigation. If the terminus of 
the passage be Bombay, the run from Socatra to 
Bombay will be 1200 miles, which would be, upon 
an average of weather, about 8 days* steaming. The 
whole passage from Alexandria to Bombay, allowing 
3 days for delay between Suez and Bombay, would 
be 26 days : the time from Bombay to Malta would 
therefore be about 33 days ; and adding 14 days to 
this for the transit from Malta to England, we 
should have a total of 47 days from London to 
Bombay, or about 7 weeks. 

If the terminus proposed were Calcutta, the 
course from Socatra would be 1250 miles south- 
east to the Maldives, where a station for coals would 
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be established. This distance would be equal to 
that from Socatra to Bombay. From the Maldives, 
a run of 400 miles would reach the southern point of 
Ceylon, called the Point de Galle, which is the best 
harbour (Bombay excepted) in British India : from 
the Point de Galle, a run of 600 miles will reach 
Madras, and from Madras to Calcutta would be a 
run of about 600 miles. The voyage from London 
to Calcutta would be performed in about 60 days. 

At a certain season of the year there exists a 
powerful physical opponent to the transit from In- 
dia to Suez : from the middle of June until the end 
of September, the south-west monsoon blows with 
unabated force across the Indian Ocean, and more 
particularly between Socatra and Bombay. This 
wind is so violent as to leave it barely possible for 
the most powerful steam packet to make head 
against it, and the voyage could not be accom- 
plished without serious wear and tear upon the 
vessels during these months — if indeed it would be 
practicable at all for any continuance in that season. 

The attention of parliament has therefore been 
directed to another line of communication, not liable 
to this difficulty : it is proposed to establish a line 
of steamers from Bombay through the Persian 
Gulf to the Euphrates. 

The run from Bombay to a place called Muscat, 
on the southern shore of the Gulf, would be 840 
miles in a north-west direction, and therefore not 
opposed to the south-west monsoon. From Muscat 
to Bassidore, a point upon the northern coast of the 
strait at the mouth of the Persian Gulf, would 
be a run of 253 miles ; from Bassidore to Bushire, 

p 4? 
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another point on the eastern coast of the Persiair 
Gulf, would be a run of 300 miles ; and from 
Bushire to the mouth of the Euphrates, would be 
120 miles. It is evident that the longest of these 
runs would offer no more difficulty than the pas- 
sage from Malta to Alexandria. From Bussora, 
near the mouth of the Euphrates, to Bir, a town 
upon its left bank near Aleppo, would be 114?3 
miles, throughout which there are no physical 
obstacles to the river navigation which may not 
be overcome. Some difficulties arise from the 
wild and savage character of the tribes who occupy 
its banks. It is, however, thought that by proper 
measures, and securing the co-operation of the 
Pacha of Egypt, any serious obstruction from this 
cause may be removed. From Bir, by Aleppo, to 
Scanderoon, a port upon the Mediterranean, op- 
posite Cyprus, is a land journey, said to be at- 
tended with some difficulty, but not of great length ; 
and from Scanderoon to Malta is about the same 
distance as between the latter place and Alexandria. 
It is calculated that the time from London to Bom- 
bay by the Euphrates — supposing the passage to 
be successfully established — would be a few days 
shorter than by Egypt and the Red Sea. 

Whichever of these courses may be adopted, 
it is clear that the difficulties, so far as the 
powers of the steam engine are concerned, lie in 
the one case between Socatra and Bombay, or be- 
tween Socatra and the Maldives, and in the other 
case between Bombay and Muscat. Even the run 
from Malta to Alexandria or Scanderoon is liable to 
objection, from the liability of the boiler to deposit 
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an incrustation, unless some effectual method be 
taken to remove this source of injury. If, how- 
ever, the contrivance of Mr. Hall, or of Mr. 
Howard, or any other expedient for a like object, 
l)e successful, the difficulty will then be limited to 
the necessary supply of coals for so long a voyage. 
This, however, has already been encountered and 
overcome on four several voyages by the Hugh 
Lindsay steamer from Bombav to Suez : that ves- 
sel encountered a still longer run on these several 
trips, by going, not to Socatra, but to Aden, a point 
on the coast of Arabia, near the Straits of Babel 
Mandeb, being a run of 1641 miles, which she per- 
formed in 10 days and 19 hours. The entire distance 
from Bombay to Suez was in one case performed 
in 16 days and 16 hours ; and under the most un- 
favourable circumstances, in 23 days. The average 
was 21 days for each trip. 

(125.) Among the many projects which have 
lately been announced for extending the applica- 
tion of steam power to transport, one of the boldest 
enterprises is that which contemplates the con- 
struction of a high steam-road between the metro- 
polis of the old and the metropolis of the new 
world, — a grand line of intercourse by steam 
between London and New York. Some projectors,^ 
influenced by a more sanguine temperament, and free j 
from those apprehensions which a full perception I 
of the mechanical difficulties which, in the present I 
state of science, they will have to encounter would ! 
inspire, have boldly announced the design to 
attempt an unbroken sea voyage between those im- 
portant places. A due consideration of the facts 
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and principles which have been explained in the 
present chapter will, however, it is hoped, aw^en 
them to a better sense of the natural and me- 
chanical obsteicles which wilTstand in the ir way. 
It appears from very extended expenence and ob- 
servation, that in the average weather incident to 
the voyage between Falmouth and Malta, with all 
the skill and discipline, and unbounded application 
of mechanical aid, which are necessarily brought 
into play in our government marine, and with 
vessels unencumbered by commerce, the average 
speed has not exceeded 7^ miles an hour. The 
voyage between Britain and the United States 
is not one to which the principle of average 
weather can be truly applied. The well known 
trades which blow from east to west, round our 
equator, cause a derangement in the atmospheric 
equilibrium, which is redressed by a contrary cur- 
rent in the superior parallels of latitude from west 
to east. This is a phenomenon which the mariner 
must encounter who traverses that portion of the 
Atlantic between the west coast of Ireland and New 
York. 

It is consequently apparent that the average 
weather, in going to New York, will be more un- 
favourable than any average deduced from observ- 
ations made on waters not obnoxious to the same 
periodical phenomenon ; while, on the other hand, 
the average of the returning voyage will be to a 
like extent favourable. In testing, however, the 
practicability of the project here contemplated, it is 
clear that the loorst average must be assumed; and 
that, therefore, we would not be justified in sup* 
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posing that so great an average speed in the out" 
ward voyage could be attained as 7^ miles bjh 
hour. 

The distance from London to New York, sup- 
posing one uninterrupted voyage were possible, 
would be about 3500 miles. It has been shown 
that, even in average weather, the consumption 
of fuel would be at the rate of the twentieth part 
of a ton per horse power per hundred miles, which 
would give IJ tons per horse power for 3500 
miles, being more than the total quantity of fuel which 
the Admiralty steamers are cs^able of carrying. 
t If to this it be added, that in the outward voyage 
the average weather must be more adverse than 
that average from which the assumed consumption 
of fuel has been deduced, it will appear how; little 
hopes of success can at present attend this pro- 



Seeing, then, that the geographical position of 
the points proposed to be connected, combined 
with the atmospheric phenomena to be encountered* 
place such a voyage beyond the present limits 
of the powers of steam navigation prudence sug« 
gests, at least until those powers acquire some 
extension, that we should consider whether and 
by what means the contemplated route may be! 
resolved into voyages of more practicable extent, 
so as to be still compatible with economy and 
expedition ; and if we find that means are presented 
which, even with somewhat less economy, are still 
more expeditious, it may be presumed that the 
incidental advantage of doing a great local be** 
nefit to an important portion of the British domi- 
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regulate the actions of the individuals composing 
society, cannot be expected to operate strongly; 
but for that very reason they are the precise cir- 
cumstances which demand the attention of the 
statesman; and in such a case, forming as it 
does an exception to the general law of political 
economy, that individual interest b the best index 
to public advantage, the kingdom requires the in- 
terposition of the statesman to give such facilities 
to individual enterprise as the powers with which 
he is intrusted shall enable him to afford. 
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CHAP. XIII. 

GENERAL ECONOMY OF STEAM POWER. 

MECHANICAL EFFICACY OF STEAM PROPORTIONAL TO THE 

QUANTITY OF WATER EVAPORATED, AND TO THE FUEL CON> 

SUMED INDEPENDENT OF THE PRESSURE. — ITS MECHANICAL 

EFFICACY BY CONDENSATION ALONE* BY CONDENSATION AKD 

EXPANSION COMBINED BY DIRECT PRESSURE AND EXPAN- 
SION BY DIRECT PRESSURE AND CONDENSATION BY DIRECT 

PRESSURE, CONDENSATION, AND EXPANSION. THE POWER OF 

ENGINES. THE DUTY OF ENGINES. MEANING OF HORSE 

POWER. TO COMPUTE THE POWER OF AN ENGINE. OF THB 

POWER OF BOILERS. -—THE STRUCTURE OF THE GREAT BARS.— 

QUANTITY OF WATER AND STEAM ROOM. FIRE SURFACE AND 

FLUE SURFACE. DIMENSIONS OF STEAM PIPES. — YELOCITT 

OF PISTON. ECONOMY OF FUEL. CORNISH DUTY REPORTS. 

(126.) Having explained in the preceding chapters 
the most important circumstances connected with the 
principal varieties of steam engines, it remains now 
to explain some matters of detail connected with the 
power, efficiency, and economy of these machines, 
which, though perhaps less striking and attractive 
than the subjects which have hitherto engaged us, 
are still not undeserving of attention. 

It has been shown in the first chapter, that water 
exposed to the ordinary atmospheric pressure (the 
amount of which may be expressed by a column 
of 30 inches of mercury) will pass from the liquid 



328 THE STEAM ENGINE. 

into the vaporous state when it arrives at the tem- 
perature of 212^ ; and the vapour thus produced 
from it will have an elastic force equal to that of 
the atmosphere. If the water, however, to wliich 
heat is applied, be submitted to a greater or less 
pressure than that of the atmosphere, it will boil at 
a greater or less temperature, and will always pro- 
duce steam of an elastic force equal to the pressure 
under which it boib. Now it is a fact as remark- 
able as it is important, that to convert a given 
weight of water into vapour, will require the same 
quantity of heat, under whatever pressure, and 
at whatever temperature the water may boil. Let 
us suppose a tube, the base of which is equal to a 
square foot, in which a piston fits air-tight and 
steam-tight. Immediately under the piston, let a 
cubic inch of water be placed, which will be spread 
in a thin layer over the bottom of the tube. Let 
the piston be counterbalanced by a weight (act- 
ing over a pulley) which will be equivalent to 
the weight of the piston, so that it shall be free 
to ascend by the application of any pressure below 
it. Now let the flame of a lamp be applied at 
the bottom of the tube : the water under the 
piston, being affected by no pressure from above, 
except that of the atmosphere acting upon the piston, 
will boil at the temperature of 212°, and by the 
continued application of the lamp it will at length 
be converled into steam. The steam into which 
the cubic inch of water is converted will expand 
into them agnitude of a cubic foot, exerting an 
elastic force equal to the atmospheric pressure ; 
consequently the piston will be raised one foot above 
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its first position in the tube, and the cubic foot 
beneath it will be completely filled with steam. 
Let us suppose, that to produce this eflfect required 
the lamp to be applied to the tube for the space of 
fifteen minutes. 

(127.) The water being again supposed at its ori- 
ginal temperature, and the piston in its first position, 
let a weight be placed upon the piston equal to the 
pressure of the atmosphere, so that the water beneath 
the piston will be pressed down by double the 
atmospheric pressure. If the lamp be once more 
applied, the water will, as before, be converted 
into vapour ; but the piston will now be raised to 
the height of only six inches* from the bottom, the 
steam expanding into only half its former bulk. 
The temperature at which the water would com- 
mence to be converted into vapour, instead of 
being 212°, would be 250° ; but the time elapsed 
between the moment of the first application of the 
lamp, and the complete conversion of the water into 
steam, will still be fifteen minutes. 

Again, if the piston be loaded with a weight 
equal to double the atmospheric pressure, the water 
will be pressed down by the force of three atmo- 

* Strictly speaking, the height to which the piston would be 
raised would not diminish in so great a proportion as the pres- 
sure is increased, because the increase of pressure being neces- 
sarily accompanied by an increase of temperature, a corre- 
sponding expansion would be produced. Therefore there will 
be a slight increase in the total mechanical effect of the steam. 
The difference, however, is not very important in practice, and 
it is usual to consider the density of steam as proportional to 
the pressure. 
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spheres. If the lamp be applied as before, th^ 
water would be converted into steam in the same 
time ; but the piston will now be raised only four 
inches above its first position, and the steam will 
consequently be three times as dense as when the 
piston was pressed down only by the atmosphere. 

(128.) From these and similar experiments we 
infer: — 

F'irst That the elastic pressure of steam is equal 
to the mechanical pressure under which the water 
producing the steam has been boiled. 

Secondly, That the bulk which steam fills is 
diminished in the same proportion as the pressure 
of the steam is increased ; or, in other words, that 
the density of steam is always in the same propor- 
tion as its pressure. 

Thirdly, That the same quantity of heat is suf- 
ficient to convert the same weight of water into 
steam, whatever be the pressure under which the 
water is boiled, or whatever be the density and 
pressure of the steam produced. 

Fourthly. That the same quantity of water being 
converted into steam, produces the same mechani- 
cal eflPect, whatever be the pressure or the density 
of the steam. Thus, in the first case, the weight 
of one atmosphere was raised a foot high ; in the 
second case, the weight of -two atmospheres was 
raised through half a foot ; and, in the third case, 
the weight of three atmospheres was raised through 
the third of a foot ; the weight raised being in every 
case increased in the same proportion as the height 
through which it is elevated is diminished. Every 
increase of the weight is, therefore, compensated 
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by a proportionate diminution of the height through 
which it is raised, and the mechanical effect is con- 
sequently the same. 

Fifthly. That the same quantity of heat or fuel 
is necessary and sufficient to produce the same me*, 
chanical effect, whatever be the pressure of the steam 
which it produces. 

( 1 29.) If steam be used to raise a piston against the 
atmospheric pressure only, although a definite phy- 
sical force will be exerted by it, and a mechanical 
effect produced, yet under such circumstances it 
will exert no directly useful efficiency ; but after the 
piston has been raised, and the tube beneath it filled 
with steam balancing the atmosphere above it, a 
useful effect to the same amount may be obtained 
by cooling the tube, and thereby reconverting the 
steam into water. The piston will thus be urged 
downwards by the unresisted force of the atmo- 
sphere, and any chain or rod attached to it will be 
drawn downwards with a corresponding force. If 
the area of the piston be, as already supposed, equal 
to the magnitude of one square foot, the atmospheric 
pressure upon it, being 15 pounds for each square 
inch, will amount to 144 times 15 pounds, or 2160 
pounds. By drawing down a chain or rope acting 
over a pulley, the piston would, in its descent (omit- 
ting the consideration of friction, &c.), raise a weight 
of 21 60 pounds a foot high. Since 2160 pounds are 
nearly equal to one ton, it may, for the sake of round 
numbers, be stated thus: — 

" A cubic inch of watery being converted into steam, 
will, by the condensation of that steam, raise a ton 
weight afoot high.'* Such is the way in which the 
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force of steam is rendered practically available in 
the atmospheric engine. 

(130.) The method by which steam is used in the 
single-acting steam engine of Watt is, in all respects, 
similar, except that the piston, instead of being urged 
downwards by the force of the atmosphere, is 
pressed by steam of a force equal to the atmospheric 
pressure. It is evident, however, that this does not 
alter the mechanical result. 

(131.) We have stated^ that a considerable in- 
crease of power, from a given quantity of steam, was 
produced by cutting off the steam after the piston 
had made a part of its descent, and allowing the 
remainder of the descent to be produced by the 
expansive force of the steam already admitted. We 
shall now more fully explain the principle on which 
this increase of power depends. 

Let A B (Jig* 69., as before) represent a tube, the 
bottom of which is equal to a square foot, and let p 
be a piston in it, resting upon a cubic inch of water 
spread over the bottom ; and let w be an empty ves- 
sel, the weight of which exactly counterpoises the 
piston. By the application of the lamp, the water 
will be converted into steam of the atmospheric 
pressure, and the piston will be raised from p to p', 
through the height of one foot, the space in the 
tube beneath it being filled with steam, and the vessel 
w will have descended through one foot. Let half 
a ton of water be now poured into the vessel w ; 
its weight will draw the piston p' upwards, so that 
the steam below it will expand into a larger space. 
When the piston y' was only balanced by the empty 
vessel w, it was pressed downwards by the whole 
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weight of the atmosphere above, which amounts to 
about one ton : now, however, half of this pressure 
is balanced by the half ton of water poured into the 
vessel w; consequently the effective downward pres- 
sure on the piston p'' will be only half a ton, or half 
its former amount. The piston will therefore rise, 
until the pressure of the steam below it is diminished 
to the same extent. By what has been already 
explained, this will take place when the steam is 
allowed to expand into double its former bulk; con- 
sequently, when the piston has risen to p", one foot 
higher, or two feet from the bottom of the tubCy 
the steam will then exactly balance the downward 
pressure on the piston, and the latter will remain 
stationary ; the vessel w, with the half ton of water 
it contains, will have descended one foot lower, or 
two feet below its first position. Let the steam be 
now cooled and reconverted into water, and at the 
same time let another half ton of water be supplied 
to the vessel w : the pressure below the piston being 
entirely removed, the atmospheric pressure will act 
above it with undiminished force ; and this force> 
amounting to one ton, will draw up the vessel w, 
with its contents. When the piston descends, as it 
will do, to the bottom of the tube, the ton of water 
contained in the vessel w will be raised through 
two perpendicular feet.* 

Now, in this process it will be observed, that the 

* Strictly speaking, the quantity of water supposed in these 
cases to be placed in the vessel w would just balance the atmo- 
spheric pressure. A slight preponderance must therefore be 
given to the piston to produce the motion. 
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qoantitj of steam consumed is not more than in the 
fonner case> viz. the vapour produced b j boiling 
one cubic inch of water. Let us consider, howeyer, 
the mechanical effect which has resulted from it ; 
half a ton of water has been allowed to descend 
through one lbot» while a ton has been raised through 
two feet : deducting the force lost by the descent 
of half a ton through one foot from the force ob- 
tained by the ascent of one ton through the two 
feety we obtain for the whole mechanical effect one 
ton and a half raised through one foot ; for it is 
evident that half a ton has been raised from the 
lowest point to which the vessel w descended one 
foot above that point, and one ton has been raised 
through the other foot, which is equivalent to one 
ton and a half through one foot. 

Comparing this with the effect produced in the 
first case, where the steam was condensed without 
causing its expansion, it will be evident that there 
b an increase of 50 per cent, upon the whole me- 
chanical effect produced. 

But this is not the limit of the increase of power 
by expansion. Instead of condensing the steam 
when the piston had arrived at p^^ let a further 
quantity of water amounting to one sixth of a ton be 
poured into the vessel w, in addition to the half ton 
which it previously contained ; the effective pressure 
on the piston p'', being only half a ton, will be over- 
balanced by the preponderating weight in the vessel 
w, and the piston will consequently ascend. It will 
become stationary when the steam by expansion 
loses a quantity of force equal to the additional 
weight which the vessel w has received : now, that 
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vessel, haying successivelj received a half and a 
sixth of a ton^ will contain two thirds of a ton ; eon* 
sequentlj the effective downward pressure on the 
piston will be only a third of a ton, and the steam 
to balance this must expand into three times the 
space it occupied when equal to the atmospheric 
pressure. It must therefore ascend to p^^^ three 
feet above the bottom of the tube. If the steam in 
the tube be now condensed, and at the same time 
one third of a ton of water be supplied to the 
vessel w, so as to make its total contents amount to 
one ton, the piston will descend, being urged down* 
wards by the unresisted atmospheric pressure, and 
the ton of water contained in the vessel w will be 
raised through three perpendicular feet. 

In this case, as in the former, the total quantity 
of steam consumed is that of one cubic inch of 
water ; but the mechanical effect it produces is still 
further increased. To calculate its amount, we must 
consider that half a ton of water has fallen through 
two feet, which is equivalent to a ton falling through 
one foot, besides which, the sixth part of a ton has 
fallen through one foot. The total loss, therefore, 
by the fall of water has been one ton and one sixth 
through one foot, while the force gained by the as- 
cent of water has been one ton raised through three 
feet, which is equivalent to three tons through one 
foot. If, then, from three tons we deduct one and 
one sixth, the remainder will be one ton and five 
sixths raised through one foot; this effect being 
above 80 per cent, more than that which is produced 
in the first case, where the steam was not allowed 
to expand. 
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To cany the inquiry one step further: Let us sup« 
pose that, upon the arrival of the piston at f^^% a fur- 
ther addition of water to the amount of one twelfth of 
a ton be added to it : this, with the water it already 
contained, would make the total contents three fourths 
of a ton ; consequently, the effective pressure upon 
the piston would now be reduced to one fourth of 
the atmospheric pressure. The atmospheric steam 
would balance this when expanded into four times 
its original volume : consequently, the piston would 
come to a state of rest at p"'" four feet above the 
bottom of the tube, and the vessel w would conse- 
quently have descended through four perpendicular 
feet. If the steam in the tube be now condensed 
as in the former cases, and at the same time a 
quarter of a ton of water be added to the vessel w, 
the piston will descend to the bottom of the tube, 
and the ton of water in the vessel w will be raised 
through four perpendicular feet. To estimate the 
mechanical effect thus produced, we have, as before, 
to deduct the total force lost by the fall of water 
from the force gained by its elevation : the water 
has fallen in three distinct portions : first, half a ton 
has fallen through three perpendicular feet, which is 
equivalent to one ton and a half through one foot ; 
secondly, one sixth of a ton has fallen through two 
perpendicular feet, which is equivalent to one third 
of a ton through one foot; and thirdly, one twelfth 
of a ton has fallen through one foot : these added 
together will be equivalent to one ton and eleven 
twelfths through one foot. One ton has been raised 
through four feet, which is equivalent to four tons 
through one foot : deducting from this the force lost 
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by the descent, the surplus gained will be two tons 
€ind one twelfth through one foot, being about 108 
per cent more than the force resulting from the 
condensation of steam without expansion. 

To the increase of mechanical effect to be pro- 
duced in this way, there is no theoretical limit. 
According to the manner in which we have here 
explained it, to produce the greatest possible effect 
by a given extent of expansion, it would be neces- 
sary to supply the water or other counterpoise to 
the vessel w, not in separate masses, as we have 
here supposed, but continuously, so as to produce 
a regular motion of the piston upwards. 

Such is the principle on which the advantages of 
the expansive engine of Watt and Hornblower 
depend, explained so far as it can be without the 
aid of the language and reasoning of analysis.* 

(132.) We have here, however, only considered 
the mechanical effect produced by the condensation 
of steam. Let us now examine its direct action. 

Let the piston p be supposed to be connected by 
a rod with a load or resistance which it is intended 
to raise, and let the load placed upon it be supposed 
to amount to one ton, the total pressure on the 
piston will then be two tons ; one due to the atmo- 
spheric pressure, and the other to the amount of the 
load. Upon applying heat to the water, steam will 
be produced ; and when the water has been com- 

* A strict investigation of this important property, as well 
as of the other consequences of the quality of expansion, would 
require more abstruse mathematical processes than would be 
consistent with the nature of this work. 
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pletely evaporated, the piston will rise to the height 
of six inches from the bottom of the tube. The 
total mechanical effect thus produced will be one 
ton weight raised through six perpendicular inches, 
which is equivalent to half a ton raised through one 
foot. 

Again, let the load upon the piston be two tons; 
this will produce a total pressure upon the water 
below it amounting to three tons, including the 
atmospheric pressure. The water, when converted 
into vapour under this pressure, will raise the piston 
and its load through four perpendicular inches : the 
useful mechanical effect will then be two tons raised 
through the third of a foot, which is equivalent to 
two thirds of a ton raised one foot. In the same 
manner, if the piston were loaded with three tons, 
the mechanical effect would be equivalent to three 
fourths of a ton raised through one foot, and so on. 

It appears therefore from this reasoning, that 
when the direct force of steam of greater pressure 
than the atmosphere is used without condensation, 
the total mechanical effect is always less than that 
produced by the condensation of atmospheric steam 
without expansion ; but that the greater the pres- 
sure under which the steam is produced, the less 
will be the difference between these effects. In 
general, the proportion of the mechanical effect of 
high-pressure steam to the effect produced by the 
condensation of atmospheric steam, will be as the 
number of atmospheres expressing the pressure of 
the steam to the same number increased by one. 
Thus, if steam foe produced under the pressure ^ 
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six atmospheres, the proportion of its effect to that 
of the condensation of atmospheric steam will be 
as six to seven. 

(133.) Another method of applying the power 
of steam mechanically is, to combine its direct action 
with condensation, but without expansion. 

The piston being, as before, loaded with one ton, 
the evaporation of the water will raise it through 
six perpendicular inches, and the result so far will 
be equivalent to a ton raised half a foot ; but if the 
piston rod be supposed also to act by a chain or- 
cord over a wheel, so as to pull a weight up, the 
steam which has just raised the ton weight through 
six inches may be condensed, and the piston will 
descend with a force of one ton into the vacuum 
thus produced, and another ton may be thus raised 
through half a foot. The total mechanical power 
thus yielded by the steam, adding to its direct action 
its effect by condensation, will then be one ton raised 
through one foot, being an effect exactly equal to 
that obtained by the condensation of atmospheric 
steam. 

If the piston be loaded with two tons, its direct 
action will, as we have shown, raise these two tons 
through four inches, which is equivalent to two 
thirds of a ton raised a foot. By condensing this 
steam, a ton weight may be raised in the same 
manner by the descent of the piston through a third 
of a foot, which is equivalent to the third of a ton 
raised through one foot. 

By pursuing like reasoning, it will appear that, if 
the direct force of high-pressure steam be combined 

q2 
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with the indirect force produced by its condensation, 
the total mechanical effect will be precisely equal to 
the mechanical effect by the mere condensation of 
atmospheric steam. 

(IS*.) In applying the principle of expansion to 
the direct action of high-pressure steam, advantages 
are gained analogous to those already explained 
with reference to the method of condensation. 

Let the piston be supposed to be loaded with 
three tons : the evaporation of the water beneath it 
will raise this weight, including the atmospheric 
pressure, through three perpendicular inches. Let 
one ton be now removed, and the remaining two 
tons will be raised, by the expansion of the steam, 
through another perpendicular inch. Let the second 
ton be now removed, and the piston loaded with the 
remaining ton will rise, by the expansion of the 
steam, to the height of six inches from the bottom. 
These consequences follow immediately from the 
principle that steam will expand in proportion as 
the pressure upon it is diminished ; observing that 
in this case the atmospheric pressure, amounting to 
one ton, must always be added to the load. In this 
process three separate effects are produced : one 
ton is raised through three inches, which is equivar 
lent to a quarter of a ton raised through one foot ; 
another ton is raised through four inches, which is 
equivalent to a third of a ton raised through a foot ; 
and the third ton is raised through six inches, which 
is equivalent to half a ton raised through a foot. 
The total of these effects amounts to one and one 
twelfth of a ton raised through one foot, while the 
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same load, raised by the high-pressure steam without 
expansion, would be equivalent to only half a ton 
raised through one foot. 

Again, let the load placed upon the piston be five 
tons : the evaporation of the water will raise this 
through the sixth part of a foot ; if one ton be now 
removed, the other four tons will be raised to a 
height above the bottom of the tube equal to a fifth 
part of a foot; another ton being removed, the 
remaining three will be raised to a height from the 
bottom equal to a fourth of a foot ; and so on, the 
last ton being raised through half a foot. To esti- 
mate the total mechanical effect thus produced, we 
are to consider that the several tons raised from 
their first position are raised through the sixth, fifth, 
fourth, third, and half of a perpendicular foot, 
giving a total effect equal to the sixth,, fifth, fourth, 
third, and half of a ton sevc rally raised through one 
foot ; these, therefore, added together, will give a 
total of nineteen twentieths of a ton raised through 
one foot. 

In general, the expansive force applied to the 
direct action of high-pressure steam, therefore, will 
increase its effect according to the same law, and 
subject to the same principles as were shown with 
respect to the method of condensation accompanied 
with expansion. 

This expansive action of high-pressure steam may 
be accompanied with condensation, so as consider- 
ably to increase the mechanical effect produced ; for, 
after the weights with which the piston is loaded 
have been successively raised to the extent per- 

a 3 
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mitted by the elastic force of the steam, and are 
removed from the piston, the steam will expand 
until it balances the atmospheric pressure. It may 
afterwards be made further to expand, by adding 
weights to the counterpoise w in the manner already 
explained ; and, the steam being subsequently con- 
densed, all the effects will be produced upon the 
descent of the piston which we have before noticed. 
It is evident that by this means the mechanical effect 
admits of very considerable increase. 

(135.) We have hitherto considered the piston to 
be resisted by the atmospheric pressure above it; 
but, as is shown in the preceding chapters, in the 
modem steam engines, the atmosphere is expelled 
from the interior of the machine by allowing the 
steam to pass freely through all its cavities in the 
first instance, and to escape at some convenient 
aperture, which, opening outwards, will effectually 
prevent the subsequent re-admission of air. The 
piston rod and other parts which pass from the 
external atmosphere to the interior of the machine^ 
are likewise so constructed and so supplied with oil 
or other lubricating matter that neither the escape 
of steam nor the entrance of air is permitted. We 
are therefore now to consider the effect of the 
action of steam against the piston p, when subjected 
to a resistance which may be less in amount, to any 
extent, than the 'atmospheric pressure. 

In such machines the steam always acts both 
directly by its power, and indirectly by its condens- 
ation. In calculating its effects, excluding friction, 
&c., we have therefore only to estimate its total force 
upon the piston, and to deduct the force of the 
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uncondensed vapour which will resist the motion of 
the piston. 

Supposing, then, the total force exerted upon the 
piston, after deducting the resistance from the un- 
condensed vapour, to be one ton, and the length of 
the cylinder to be one foot, each motion of the 
piston from end to end of the cylinder will pro- 
duce a mechanical force equivalent to a ton 
weight raised one foot high. If in this case the 
magnitude of the piston be equivalent to one 
square foot, the pressure of the steam will be equal 
to that of the atmosphere, and the quantity of water 
in the form of steam which the cylinder will con- 
tain will be a cubic inch, while the quantity of 
steam in it will be a cubic foot. In proportion as 
the area of the piston is enlarged the pressure of the 
steam will be diminished, if the moving force is 
required to remain the samo ; but with every dimi- 
nution of pressure the density of the steam will be 
diminished in the same proportion, and the cylinder 
will still contain the same quantity of water in the 
form of vapour. In this way steam may be used, 
as a mechanical agent, with a pressure to almost any 
extent less than that of the atmosphere, and at 
temperatures considerably lower than 212°. To 
obtain the same mechanical force, it is only ne- 
cessary to enlarge the piston in the same proportion 
as the pressure of the steam is diminished. 

By a due attention to this circumstance, the ex- 
pansive power of steam, both in its direct action and 
by condensation, may be used with very much in- 
creased advantage ; and such is the principle on 

Q 4 



344 THE STEAM ENGINE. 

which the benefits derived from Woolf 's contriv- 
ances depend. If steam of a high pressure, say of 
three or four atmospheres, be admitted to the piston, 
and allowed to impel it through a very small portion 
of the descent, it may then be cut off, and its expan- 
sion may be allowed to act upon the piston until the 
pressure of the steam is diminished considerably be- 
low the atmospheric pressure; the steam may then be 
condensed and a vacuum produced, and the process 
repeated. 

In the double-acting engines, commonly used in 
manufactures and in navigation, and still more in the 
high-pressure engines used for locomotion, the ad- 
vantageous application of the principle of expansion 
appears to have been hitherto attended with diffi- 
culties ; for, notwithstanding the benefits which un- 
questionably attend it in the economy of fuel, it has 
not been generally resorted to. To derive from this 
principle full advantage, it would be necessary that 
the varying power of the expanding steam should 
encounter a corresponding, or a nearly correspond- 
ing, variation in the resistance : this requisite may 
be attained, in engines applied to the purpose of 
raising water, by many obvious expedients; but 
when they have, as in manufactures, to encounter a 
nearly uniform resistance, or, in navigation and lo- 
comotion, a very irregular resistance, the due ap- 
plication of expansion is difficult, if indeed it be 
practicable. 

We have seen that the mechanical effect produced 
by steam when the principle of expansion is not 
used, is always proportional to the quantity of water 
contained in the steam, and is likewise in the same 
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proportion so long as a given degree of expansion 
is used. It is apparent, therefore, that the me- 
chanical power which is or ought to be exerted by 
an engine is in the direct proportion of the quantity 
of water evaporated. It has also been shown that 
the quantity of water evaporated, whatever be the 
pressure of the steam, will be in the direct proportion 
of the quantity of heat received from the fuel, and 
therefore in the direct proportion of the quantity of 
fuel itself, so long as the same proportion of its 
heat is imparted to the water. 

(136.) The POWER of an engine is a term which 
has been used to express the rate at which it is able 
to raise a given load, or overcome a given resistance. 
The DUTY of an engine is another term, which has 
been adopted to express the load which may be raised 
a given perpendicular height, by the combustion of 
a given quantity of fuel. 

When steam engines were first introduced, they 
were commonly applied to work pumps or mills 
which had been previously wrought by horses. It 
was, therefore, convenient, and indeed necessary, in 
the first instance, to be able to express the perform- 
ance of these machines by reference to the effects 
of animal power, to which manufacturers, miners, 
and others, had been long accustomed. When an 
engine, thereforie, was capable of performing the 
same work in a given time, as any given number 
of horses of average strength usually performed, it 
was said to be an engine of so many horses* power. 
This term was long used with much vagueness and 
uncertainty: at length, as the use of steam en- 
gines became more extended, it was apparent that 

a 5 
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conftision and inconvenience would ensue, if some 
fixed and definite meaning were not assigned to it, 
so that engineers and others should clearly un- 
derstand each other in expressing the powers of 
these machines. The term horse pouter had so long 
been in use, that it was obviously convenient to 
retain it. It was only necessary to agree upon some 
standard by which it might be defined. The per- 
formance of a horse of average strength, working 
for eight hours a day, was, therefore, selected as a 
standard or unit of steam-engine power. Smeaton 
estimated the amount of mechanical efiect which 
the animal could produce at 22,916 pounds, raised 
one foot per minute ; Desaguliers makes it 27,500 
pounds, raised through the same height. Messrs. 
Bolton and Watt caused experiments to be made 
with the strong horses used in the breweries in 
London ; and from the result of these they assigned 
33,000 pounds raised one foot per minute, as the 
value of a horse's power : this is, accordingly, the 
estimate now generally adopted ; and, when an engine 
is said to be of so many horses' power, it is meant 
that, when in good working order and properly 
managed, it is capable of overcoming a resistance 
equivalent to so many times 33,000 pounds raised 
one foot per minute. Thus, an engine of ten-horse 
power would be capable of raising 330^000 pounds 
one foot per minute. 

As the same quantity of water converted into 
steam will always produce the same mechanical 
effect, whatever be the density of the steam pro- 
duced from it, and at whatever rate the evaporation 
may proceed, it is evident that the power of {t 
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steam engine will depend on two circumstances : 
first) the rate at which the boiler with its appendages 
is capable of evaporating water ; and, secondly, the 
rate at which the engine is capable of consuming 
the steam by its work. We shall consider these 
two circumstances separately. 

The rate at which the boiler produces steam will 
depend upon the rate at which heat can be trans- 
mitted from the fire to the water which it contains. 
Now this heat is transmitted in two ways, either by 
the direct action of the fire radiating heat against 
the surface of the boiler ; or by the flame and heated 
air which escapes from the fire, passing through the 
flues, as already explained. The surface of the 
boiler exposed to the direct radiation of the fire is 
technically called ^re surface; and that which takes 
heat from the flame and air, on its way to the 
chimney, is called ^we surface. Of these the most 
efiicient in the generation of steam is the former. 
In stationary boilers, used for condensing engines, 
where magnitude and weight are matters of little 
importance, it has been found that the greatest efiect 
has been produced in general by allowing four and 
a half square feet of fire surface, and four and a 
half square feet of flue surface, for every horse 
power. By means of this quantity of fire and flue 
surface, a cubic foot of water per hour may be 
evaporated. 

It has been already shown that the total power 
exerted by a cubic inch of water, converted into 
steam, will be equivalent to 2160 pounds raised one 
foot. A cubic foot of water consists of 1728 cubic 
inches, and the power produced by its evaporation 
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will therefore be found by multiplying 216 by 1728; 
the product, 3,732,480, expresses the number of 
pounds' weight which the evaporation of a cubic 
foot of water would raise one foot high, supposing 
that its entire mechanical force were rendered avail- 
able: but to suppose this in practice, would be to 
suppose the machine, through the medium of which 
it is worked, moved without any power being ex- 
pended upon its own parts. It would be, in fact, 
supposing all its moving parts to be free from 
friction and other causes of resistance. To form a 
practical estimate, then, of the real quantity of 
available mechanical power obtained from the eva- 
poration of a given quantity of water, it will be 
necessary to inquire what quantity of this power is 
intercepted by the engine through which it is trans- 
mitted. In different forms of steam engine — in- 
deed, we may say in every individual steam engine 
— the amount thus lost is different; nevertheless, an 
approximate estimate may be obtained^ sufficiently 
exact to form the basis of a general conclusion. 

Let us consider, then, severally, the means by 
which mechanical power is intercepted by the 
engine. 

Fir sty The steam must flow from the boiler into 
the cylinder to work the piston ; it passes necessarily 
through pipes more or less contracted, and \&, 
therefore, subject to friction as well as cooling in its 
passage. 

Secondy Force is lost by the radiation of heat from 
the cylinder and its appendages. 

Third, The friction of the piston in the cylinder 
must be overcome. 
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Fourth^ Loss of steam takes place by leakage. 
' Fifthy Force is expended in expelling the steam 
after having wori&ed the piston. 

Sixthy Force is required to open and close the 
several valves, to pump up the water for condens- 
ation, and to overcome the friction of the various 
axes. 

Seventh, Force is expended upon working the air- 
pump. 

In engines which do not condense the steam, and 
which, therefore, work with steam of high pressure, 
some of these sources of waste are absent, but others 
are of increased amount. If we suppose the total 
effective force of the water evaporated per hour in 
the boiler to be expressed by 1000, it is calculated 
that the waste in a high-pressure engine will be ex- 
pressed by the number 392 ; or, in other words, 
taking the whole undiminished force obtained by 
evaporation as expressed by 10, very nearly 4 of 
these parts will be consumed in moving the engine, 
and the other 6 only will be available. 

In a single-acting engine which condenses the 
steam, taking, as before, 1000 to express the total 
mechanical power of the water evaporated in the 
boiler, 402 will express the part of this consumed 
in moving the engine, and 598, therefore, will ex- 
press the portion of the power practically available ; 
or, taking round numbers, we shall have the same 
result as in the non- condensing engine, viz. the 
whole force of the water evaporated being expressed 
by 10, 4 will express the waste, and 6 the available 
part. 

In a double-acting engine, the available part of 
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the power bears a somewhat greater proportion to 
the whole. Taking, as before, 1000 to express the 
whole force of the water evaporated, 368 will ex* 
press the proportion of that force expended on the 
engine, and 632 the proportion which is available 
for work. 

In general, then, taking pound numbers, we may 
consider that the mechanical force of four tenths of 
the water evaporated in the boiler is intercepted bj 
the engine, and the other six tenths are available as 
a moving force. In this calculation, however^ the 
resistance produced in the condensing engine by the 
uncondensed steam is not taken into account : the 
amount of this force will depend upon the temper- 
ature at which the water is maintained in the con- 
denser. If this water be kept at the temperature of 
120°, the vapour arising from it will have a pres- 
sure expressed by three inches seven tenths of 
mercury ; if we suppose the pressure of steam in 
the boiler to be measured by 37 inches of mercury, 
then the resistance from the uncondensed steam 
wOl amount to one tenth of the whole power of 
the boiler ; this, added to the four tenths, already 
accounted for, would show a waste amounting to 
half the whole power of the boiler, and, conse- 
quently, only half the water evaporated would be 
available as a moving power. 

If the temperature of the condenser be kept 
down to 100°, then the pressure of the uncon- 
densed steam will be expressed by two inches of 
mercury, and the loss of power consequent upcm 
it would amount to a proportionately less fraction 
of the whole power. 
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The following example will illustrate the method 
of estimating the effectlTe power of an engine. 

In a double-acting engine in good working con- 
dition, the total power of steam in the boiler being 
expressed by 1000, the proportion intercepted by 
the engine, exclusive of the resistance of the uncon- 
densed steam, will be 368, and the effective part 632. 
Now, suppose the pressure of steam in the boiler 
to be measured by a column of 35 inches of mer- 
cury; the thousandth part of this will be seven 
two hundredths of an inch of mercury, and 632 of 
these parts will express the effective portion of the 
power. By multiplying seven two hundredths by 
632, we obtain 22 nearly. Now, suppose the tem- 
perature in the condenser is 120°, the pressure of 
steam corresponding to that temperature will be 
measured by S^q inches of mercury. Subtracting 
this from 22, there will remain 18-j\ inches of mer- 
cury, as the effective moving force upon the piston ; 
this will be equivalent to about 7 lbs. on each cir- 
cular inch. 

If the diameter of the piston, then, be 24 inches, 
its surface will consist of a number of circular inches 
expressed by the square of 24, or 24 x 24 = 576 ; 
and, as upon, each of these circular inches there is 
an effective pressure of 7 lbs., we shall find the total 
pressure in pounds by multiplying 576 by 7, which 
gives 4032 lbs. 

We shall find the space through which this force 
works per minute, by knowing the length of the 
cylinder and the. number of strokes <fter minute. 
Suppose the length of the cylinder to be 5 feet, , 
and the number of strokes per minute 2 1^. In each 
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stroke* the piston will, therefore, move through 
10 feet, and in one minute it will move through 215 
feet The moving force, therefore, is 4032 lbs. 
moved through 215 feet per minute, which is equi- 
valent to 215 times 4032 lbs., or 866,880 lbs., raised 
one foot per minute. 

For every 33,000 lbs. contained in this, the engine 
has a horse power. To find the horse power, then, 
of the engine, we have only to divide 866,880 by 
33,000: the quotient is 26 nearly, and, therefore, 
the engine is one of 26-horse power. 

Let it be required to determine the quantity of 
water which a boiler must evaporate per hour, for 
each horse power of the engine which it works. 

It has been already explained that one-horse 
power expresses 33,000 lbs. raised one foot high per 
minute, or 1,980,000 lbs. raised one foot high per 
hour. The quantity of water necessary to produce 
this mechanical effect by evaporation, will be found 
by considering that a cubic inch of water, being 
evaporated, will produce a mechanical force equi- 
valent to 2160 lbs. raised a foot high. If we divide 
1,980,000, therefore, by 2160, we shall find the num- 
ber of cubic inches of water which must be evapor- 
ated per hour, in order to produce the mechanical 
eflfect expressed by one-horse power ; the result of 
this division will be 916, which is therefore the 
number of cubic inches of water per hour, whose 
evaporation is equivalent to one-horse power. But 
it has been shown that, for every 6 cubic inches of 

* By a stroke of the piston is meant its motion from one 
end of the cylinder and back again. 
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water evaporated in the boiler which are available as 
a moving power, there will be 4 cubic inches inter- 
cepted by the engine. To find, then, the quantity 
of waste corresponding to 916 cubic inches of water, 
it will be necessary to divide that number by 6, and 
to multiply the result by 4 : this process will give 
610 as the number of cubic inches of water wasted. 
The total quantity of water, therefore, which must 
be evaporated per hour, to produce the effect of 
one-horse power, will be found by adding 610 to 
916, which gives 1526. 

This result, however, being calculated upon a 
supposition of a degree of efficiency in the engines 
which is, perhaps, somewhat above their average 
state, it has been customary with engineers to allow 
a cubic foot of water per hour for each horse power, 
a cubic foot being 1728 cubic inches, or above 11 
per cent, more than the above estimate. 

(137.) It has been stated, that to evaporate a cubic 
foot of water per Hour requires 9 square feet of sur- 
face exposed to the action of the fire and heated air. 
This, therefore, is the quantity of surface necessary 
for each horse power, and we shall find the total 
quantity of fire and flue surface necessary for a 
boiler of a given power, by multiplying the number 
of horses in the power by 9 ; the product will ex- 
press, in square feet, the quantity of boiler surface 
which must be exposed to the fire, one half of this 
being fire surface and the other half flue surface. 

Since the supply of heat to the boiler must be 
proportionate to the quantity of fuel maintained in 
combustion, and the quantity of that fuel must 
depend on the extent of grate surface, it is clear 
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that a determinate proportioii must exist between the 
power of the boiler, and the extent of grating in the 
fire place. The quantity of oxygen which combines 
with the fuel varies with the qusJity of that fuel; for 
different kinds of coal it varies from two to three 
pounds for each pound of coal. 

We shall take it at an average of 2^ pounds. Now 
2 J pounds of oxygen will measure 30 cubic feet; 
also 5 cubic feet of atmospheric air contain 1 cubic 
foot of oxygen; and consequently 150 cubic feet of 
atmospheric air will be necessary for the combustion 
of 1 pound of average coab. At least one third of 
the air, which passes through a fire, escapes uncom- 
bined into the chimney. We must, therefore, allow 
220 cubic feet of atmospheric air to pass through 
the grate bars for every pound of fuel which is con- 
sumed. Now since land boilers will consume 15 
pounds, and marine boilers 10 pounds, per hour per 
horse power, it follows that the spaces between the 
grate bars^ and the extent of grate surface, must be 
sufiicient to allow 3000 cubic feet of air per hour in 
land boilers, and 2000 cubic feet in marine boilers, 
to pass through them for each horse power, or, what 
is the same, for each foot of water converted into 
steam per hour. The quantity of grate surface ne-> 
cessary for this does not seem to be ascertained with 
precision ; but, perhaps, we may take as an approxi- 
mate estimate for land boilers one square foot of 
grate surface per horse power, and for marine boilers 
two thirds of a square foot, the spaces between the 
grate bars being equal to their breadth. 

It is evident that the capacity of a boiler for water 
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and steam must have a determinate relation to the 
power of the engine it is intended to supply. For 
each horse power of the engine, it has been shown 
that a cubic foot of water must pass from the boiler 
in the form of steam per hour. Now, it is evident 
that the steam could not be supplied of a uniform 
force, if the quantity of steam contained at any 
moment in the boiler were not considerably greater 
than the contents of the cylinder. For example, if 
the volume of steam in the boiler were precisely 
equal to the capacity of the cylinder, then one mea- 
sure of the cylinder would for the moment cause the 
steam to expand into double its bulk and to lose half 
its force, supposing it to pass freely from the boiler 
to the cylinder. In the same manner, if the volume 
of steam contained in the boiler were twice the con- 
tents of the cylinder, the steam would for a moment 
lose a third of its force, and so on. It is clear, 
therefore, that the space allotted to steam in the 
boiler must be so many times greater than the mag- 
nitude of the cylinder, that the abstraction of a 
cylinder full of steam from it shall cause a veiy 
trifling diminution of its force. 

In the same manner, we may perceive the neces- 
sity of maintaining a large proportion between the 
total quantity of water in the boiler, and the quan- 
tity supplied in the form of steam to the cylinder. 
If, for example (taking as before an extreme case), 
the quantity of water in the boiler were only equal 
to the quantity supplied in tlie form of steam to 
the cylinder in a minute, it would be necessary 
that the contents of the boiler should be re- 
placed by cold water onoe in each minute: and^ 
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under such circumstances, it is evident that the 
action of the heat upon the water would be quite 
unmanageable. But, independent of this, the 
quantity of water must be sufficient to fill the 
boiler above the point at which the Hue surface 
terminates, otherwise the heat of the fuel would act 
upon the part of the boiler containing steam and 
hot water ; and, steam receiving heat sluggishly, the 
metal of the boiler would be gradually destroyed 
by undue temperature. 

The total quantity of space for water and steam 
in boilers is subject to considerable variation in 
proportion to their power. Small boilers require 
a greater proportion of steam and water room, or 
a greater capacity of boiler, in proportion, than large 
ones ; and the same applies to their fire surface and 
fine surface. 

The general experience of engineers has led to 
the conclusion, that a low-pressure boiler of the com- 
mon kind requires ten cubic feet of water room, and 
ten cubic feet of steam room in the boiler, for every 
cubic foot which the engine consumes per hour, or, 
what is the same, for each horse power of the en- 
gine. Thus, an engine of ten-horse power, according 
to this rule, would require a boiler having the ca- 
pacity of 200 cubic feet which should be constantly 
kept half filled with water. There are, however, 
different estimates of this. Some engineers hold that 
a boiler should have twenty-five cubic feet of ca- 
pacity for each horse power of the engine, while 
others reduce the steam so low as eight cubic feet. 

In a table of the capacities of boilers of different 
powers, and the feed of water necessary to be main- 
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tained in them, Mr. Tredgold assigns to a boiler of 
five-horse power fourteen cubic feet of water per 
horse power; for one of ten-horse power, twelve 
and a half cubic feet ; and, for one of forty-horse, 
eleven cubic feet. 

For engines of greater power it is generally found 
advantageous to have two or more boilers of small 
power, instead of one of large power. This method 
is almost invariably adopted on board steam boats, 
and has the advantage of securing the continuance 
of the working of the engine, in case of one of the 
boilers being deranged. It is also found conve- 
nient to keep an excess of power in the boilers, 
above the wants of the engine. Thus, an engine of 
sixty-horse power may be advantageously supplied 
with two forty-horse boilers, and an engine of 
eighty-horse power with two fifty-horse boilers, and 
so on. 

(138.) The pressure of steam in the cylinder of 
an engine is always less than the pressure of steam 
in the boiler, owing to the obstructions which it en- 
counters in its passage through the steam pipes and 
valves. The difference between these pressures 
will depend upon the form and magnitude of the 
passages : the straighter and wider they are, the less 
the difference will be ; if they are contracted and 
subject to bends, especially to angular inflections, 
the steam will be considerably diminished in its 
pressure before it reaches the cylinder. The throttle 
valve placed in the steam pipe may also be so 
managed as to diminish the pressure of steam in 
the cylinder to any extent : this effect, which is well 
understood by practical engineers, is called taire" 
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drawing the steam. By such means it is evidently 
possible for the steam in the boiler to have any 
degree of high pressure, while the engine is worked 
at any degree of low pressure. Since, however, 
the pressure of the steam in the cylinder is a 
material element in the performsuice of the 
engine, the magnitude, position, and shape of the 
steam pipe and of the valves are a matter of 
considerable practical importance. But theory 
furnishes us with little more than very general 
principles to guide us. One practical rule which 
has been adopted is, to make the diameter of 
the steam pipe about one fifth of that of the cy- 
linder : by this means the area of the transverse 
action of the pipe will be one twenty-fifth part of 
the superficial magnitude of the piston ; and, since 
the same quantity of steam per minute must flow 
through this pipe as through the cylinder, it fol- 
lows that the velocity of the steam, in passing 
through the steam pipe, will be twenty-five times 
the velocity of the piston. 

(139.) Another rule which has been adopted is, to 
allow a square inch of magnitude, in the section of 
the steam pipe, for each horse power of the engine. 

The result of this and all similar rules is, that the 
steam should always pass through the steam pipe 
with the same velocity, whatever be the power of 
the engine. 

In engines of the same power, the piston will 
have very different velocities in the cylinder, accord- 
ing to the effective pressure of the steam, and the 
proportions and capacity of the cylinder. It is 
clear from what has been already explained, that, 
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when the power is the same, the same actual quan- 
tity of water, in the form of steam, must pass 
through the cylinder per minute ; but if the steam 
be used with a considerable pressure, being in a 
condensed state, the same weight of it will occupy a 
less space ; and consequently the cylinders of high- 
pressure engines are smaller than those of the same 
power in low-pressure engines: the magnitude of 
the cylinder and the piston, therefore, as well as the 
velocity of the latter, will depend first upon the 
pressure of the steam. 

But with steam of a given pressure, the velocity 
of the piston will be different : with a given capa- 
city of cylinder, and a given {)res^ure of steam, the 
power of the engine will determine the number of 
strokes per minute. But the actual velocity of the 
piston will depend, in that case, on the proportion 
which the diameter of the cylinder bears to its 
length ; the greater the diameter of the piston is 
with respect to its length, the less will be its velocity. 

In case of stationary engines used on land, that 
proportion of the diameter of the cylinder to its 
length is selected, which is thought to contribute 
to the most efficient performance of the machine. 
According to some engineers, the length of the cy- 
linder should be twice its diameter • ; others make 
the length equal to two diameters and a half: but 
there are circumstances in which considerations of 
practical convenience render it necessary to depart 
from these proportions. In marine engines, where 

* This is the proportion under which the cylinder with a 
given capacity will present the least possible surface to the 
cooling effect of the atmosphere. 
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great length of cylinder would be inadmissible, and 
where, on the other hand, considerable power is re- 
quired, cylinders of short stroke and great diameter 
are used. In these engines the length of the stroke 
is often not greater than the diameter of the piston, 
and sometimes even less. 

The actual velocity which has been found to have 
the best practical effect, for the piston in low-pres- 
sure engines, is about 200 feet per minute. This, 
however, is subject to some variation. 

(140.) A given weight or measure of fuel burnt 
under the boiler of an engine is capable of producing 
a mechanical effect through the means of that engine, 
which, when expressed in an equivalent number of 
pounds* weight lifted a foot high, is called the duJby 
of the engine. If all the heat developed in the 
combustion of the fuel could be imparted to the 
water in the boiler, and could be rendered instru- 
mental in producing its evaporation; and if, besides, 
the steam thus produced could be all rendered 
mechanically available at the working point ; then 
the duty of the engine would be the entire undi- 
minished effect of the heat of combustion : but it 
is evident that this can never practically be the 
case. In the first place, the heat developed by the 
combustion can never be wholly imparted to the 
water in the boiler : some part of it will necessarily 
escape without reaching the boiler at all ; another 
portion will be consumed in heating the metal of 
the boiler, and in supplying the loss by radiation 
from its surface ; another portion will be abstracted 
by the various sources of the waste and leakage of 
steam; another portion will be abstracted by the 
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re-action of the condensed steam ; and another 
portion of the power will be consumed in over- 
coming the friction and resistance of the engine 
itself. It is apparent that all these sources of waste 
win vary according to the circumstances and con- 
ditions of the machine, and according to the form 
and construction of the furnace, fluos, boilers, &c. 
The duty, therefore, of different engines will be 
different; and when such machines are compared, 
with a view to ascertain their economy of fuel, it 
has been found necessary carefully to register and 
to compare the fuel consumed with the weight or 
resistance overcome. In engines applied to manu- 
factures generally or navigation, it is not easy to 
measure the amount of resistance which the engine 
encounters ; but when the engine is applied to the 
pumping of water, its performance is more easily 
determined. 

In the year 1811, several of the proprietors of 
the mines in Cornwall, suspecting that some of their 
engines might not be doing a duty adequate to their 
consumption of fuel, came to a determination to 
establish a uniform method of testing the perform- 
ance of their engines. For this purpose a counter 
was attached to each engine, to register the number 
of strokes of the piston. All the engines were 
put under the superintendence of Messrs. Thomas 
and John Lean, engineers; and the different pro- 
prietors of the mines, as well as their directing 
engineers, respectively pledged themselves to give 
every facility and assistance in their power for the 
attainment of so desirable an end. Messrs. Lean 
were directed to publish a monthly report of the 

R 



362 THE STEAM ENGINE. 

perfoimance of each engine, specifying the name of 
the mine, the size of the cylinder, the load upon the 
engine, the length of the stroke, the number of 
pump lifts, the depth of the lift, the diameter of the 
pumps, the time worked, the consumption of coals, 
the load on the pump, and, finally, the duty of the 
engine, or the number of pounds lifted one foot 
high by a bushel of coals. The publication of these 
monthly reports commenced in August, 1811, and 
have been regularly continued to . the present 
time. 

The favourable effect which these reports have 
produced upon the vigilance of the several engineers, 
and the emulation they have excited, both among 
engine-makers and those to whom the working of 
the machines are intrusted, are rendered conspicuous 
in the improvement which has gradually taken 
place in the performance of the engines, up to tiie 
present time. , In a report published in December, 
1826, the highest duty was that of an engine at 
Wheal Hope mine in Cornwall. By the consumption 
of one bushel of coals, this engine raised 46,838,246 
pounds a foot high, or, in round numbers, forty- 
seven millions of pounds. 

In a report published in the course of the year 
1835^ it was announced that a steam engine, 
erected at a copper mine near St. Austell, in Corn- 
wall, had raised by its average work 95 millions of 
pounds one foot high, with a bushel of ccgls. This 
enormous mechanical effect having given rise to some 
doubts as to the correctness of the experiments on 
which the report was founded, it was agreed that 
another trial should be made in the presence of a 
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number of competent and disinterested witnesses 
This trial accordingly took place a short time since, 
and was witnessed by a number of the most ex- 
perienced mining engineers and agents ; the result 
was, that for every bushel of coals consumed under 
the boiler, the engine raised 125^ millions of pounds* 
weight one foot high. 

(141.) It may not be uninteresting to illustrate the 
amount of mechanical virtue, which is thus proved 
to reside in coals, in a more familiar manner. 

Since a bushel of coal weighs 84 lbs. and can lift 
56,027 tons a foot high, it follows that a pound of 
coal would raise 667 tons the same height ; and thai 
an ounce of coal would raise 42 tons one foot high, 
or it would raise 18 lbs. a mile high. 

Since a force of 18 lbs. is capable of drawing. 
2 tons upon a railway, it follows that an ounce of 
coal possesses mechanical virtue sufficient to draw 
2 tons a mile, or 1 ton 2 miles, upon a level rail- 
way.* 

The circumference of the earth measures 25,000 
miles. If it were begirt by an iron railway, a load 
of one ton would be drawn round it in six weeks 
by the amount of mechanical power which resides 
in the third part of a ton of coals. 

The great pyramid of Egypt stands upon a base 
measuring 700 feet each way, and is 500 feet high ; 
its weight being 12,760,000,000 lbs. To construct 
it, cost the labour of 100,000 men for 20 years. Its 

* The actual consumption of coal upon railways is in prac- 
tice about eiglit ounces per ton per mile. It is, therefore, 
worked with sixteen times less effect than in the engine above 
mentioned. 
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materials would be raised from the ground to their 
present position by the combustion of 479 tons of 
coals. 

The weight of metal in the Menai bridge is 
4,000,000 lbs., and its height above the level of the 
water is 120 feet : its mass might he lifted from the 
level of the water to its present position by the com- 
bustion of 4 bushels of coals. * 

The enormous consumption of coals in the arts 
and manufactures, and in steam navigation^ has of 
late years excited the fears of some persons as to 
the possibility of the exhaustion of our mines. 
These apprehensions, however, may be allayed by 
the assurance received from the highest mining and 
geological authorities, that, estimating the present 
demand from our coal mines at 16 millions of tons 
annually, the coal fields of Northumberland and 
Durham alone are sufficient to supply it for 1700 
years, and after the expiration of that time the great 
coal basin of South Wales will be sufficient to sup- 
ply the same demand for 2000 years longer. 

But, in speculations like these, the probable, if 
not certain progress of improvement and discovery 
ought not to be overlooked ; and we may safely 
pronounce that, long before a minute fraction of 
such a period of time shall have rolled over, other 
and more powerful mechanical agents will altogether 
supersede the use of coal. Philosophy already di- 
rects her finger at sources of inexhaustible powei 

• Some of these examples were given by Sir John Her- 
schel, in his Preliminary Discourse on Natural Philosophy ; 
but since that work was written an increased power has been 
obtained from coals, in the proportion of 7 to 1 2^. 
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in the .phenomena of electricity and magnetism. 
The alternate decomposition and recomposition of 
vater, by magnetism and electricity, has too close 
an analogy to the alternate processes of vaporisation 
and condensation, not to occur at once to every 
mind : the development of the gases from solid mat- 
ter by the operation of the chemical affinities, and 
their subsequent condensation into the liquid form, 
has already been essayed as a source of power. 
In a word, the general state of physical science at 
the present moment, the vigour, activity, and sa- 
gacity with which researches in it are prosecuted 
in every civilised country, the increasing con- 
sideration in which scientific men are held, and 
the personal honours and rewards which begin to 
be conferred upon them, all justify the expectation 
that we are on the eve of mechanical discoveries 
still greater than any which have yet appeared ; and 
that the steam engine itself, with the gigantic powers 
conferred upon it by the immortal Watt, will dwindle 
into insignificance in comparison with the hidden 
powers of nature still to be revealed ; and" that the 
day will come when that machine, which is now 
extending the blessings of civilisation to the most 
remote skirts of the globe, will cease to have exist- 
ence except in the page of history. 
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CHAP. XIV. 



PLAIN RULES FOR RAILWAY SPECULATORS. 



(142.) For some time after the completion of the 
Liverpool and Manchester railway, doubts were 
entertained of its ultimate success as a commercial 
speculation ; and, even still, after several years' 
continuance, some persons are found, sceptical by 
temperament, who have not acquired full confidence 
In the permanency of its advantages. The possi- 
bility of sustaining a system of regular transport 
upon it, with the unheard-of speed effected at the 
commencement of the undertaking, was, for a long 
period, questioned by a considerable portion even of 
the scientific world ; and, after that possibility was 
established by the regular performance of some 
years, the practicability of permanently profitable 
work, at that rate of speed, was still doubted by 
many, and altogether denied by some. The nu- 
merous difficulties to be encountered, and the enor- 
mous expense of locomotive power, have been fully 
admitted by the directors, in their semi-annual re- 
ports. Persons interested in canals and turn- 
pike roads, and others constitutionally doubtful 
of every thing, attributed the dividends to the 
indirect proceedings of the managers^ and as- 
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serted that when they appeared to be sharing their 
profits, they, in reality, were sharing their capital. 
This delusion, however, could not long continue, 
and the payment of a steady semi-annual dividend 
of 4^ per cent., together with the commencement 
of a reserved fund of a considera|?ite amount, with 
a premium of 150 per cent, on the original shares^ 
has brought conviction to understandings impene- 
trable to general reasoning ; and the tide of opinion, 
which, for a time, had turned against railways, has 
now, by the usual reaction, set in so violently in 
their favour, that it becomes the duty of those who 
professionally devote themselves to such inquiries, 
to restrain and keep within moderate bounds the 
public ardour, rather than to stimulate it. 

The projects for the construction of great lines of 
interna] communication which have been announced 
would require, if realised, a very large amount of 
capital. Considering that the estimated capital is 
invariably less than the amount actually required^ 
we shall not, perhaps, overrate the extent of the 
projected investments if we estimate them at fifty 
millions. The magnitude of this amount has created 
alarm in the minds of some persons, lest a change of 
investment so extensive should produce a serious 
commercial shock. It should, however, be con- 
sidered, that, even if all the projected undertakings 
should be ultimately carried into execution, a long 
period must elapse, perhaps not less than fifteen or 
twenty years, before they can be completed : the 
capital will be required, not suddenly, but by small 
instalments, at distant intervals of time. Even if 
it were true, therefore, that, to sustain these en* 
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terprises, an equivalent amount of capital must be 
withdrawn from other investments, the transfer 
would take place by such slow degrees as to create 
no serious inconvenience. But, in fact, it is not 
probable that any considerable transfer of capital will 
be necessary. Trade and manufactures are at the 
present moment in a highly flourishing conditiou; 
and the annual accumulation of capital in the 
country is so great, that the difficulty will probably 
be, not to find capital to meet investments, but to 
find suitable investments for the increasing capital. 
In Manchester and its immediate vicinity, it is 
said that the annual increment on capital is no less 
than three millions. In fifteen years, therefore, this 
mart alone would be sufficient to supply all the 
funds necessary for the completion of all the pro- 
posed railroads, without withdrawing capital from 
any other investment. 

The facilities which these Joint Stock Com- 
panies offer for investment of capital, even of 
the smallest amount, the temptations which the 
prospect of large profits hold out, and the low 
interest obtained on national stock of every de- 
scription, have attracted a vast body of capitalists, 
who have subscribed to such undertakings with the 
real intention of investment. But, on the other 
hand, there is a very extensive body of specu- 
lators who engage in them upon a large scale, 
without the most distant intention, and, indeed, 
without the ability, of paying up the amount of 
their shares. The loss which the latter class of 
persons may sustain would, probably, excite little 
<:ommiseration, were it not for the consequences 



PLAIN RULES FOR RAILWAY SPECULATORS. 369 

which must result to the former, should a revulsion 
take place, and the market be inundated with the 
shares of these gambling speculators, who buy only 
to sell again. Effects would be produced which must 
be highly detrimental to a large proportion of the 
bond fide subscribers. It may,* therefore, be attended 
with some advantage to persons who really intend 
to make permanent investments of this nature, to 
state, in succinct and intelligible terms, the prin- 
cipal circumstances on which the efficiency and 
economy of railroads depend, so as to enable them, 
in some measure, to form a probable conjecture of 
the prospective advantages which the various pro- 
jects hold out. In doing this we shall endeavour, 
as much as possible, to confine our statements to 
simple facts and results, which can neither be de- 
nied nor disputed, leaving, for the most part, the 
inferences to which they lead to be deduced from 
them by others. 

It may be premised, that persons proposing to 
engage in any railroad speculation should obtain^r;^ 
a table of gradients ; that is, an account of all the 
acclivities upon the line from terminus to ter- 
minus, stating how many feet in a mile each incline 
rises or falls, and its length. Secondly, it would 
also be advantageous to have a statement of the 
lengths of the radii of the different curves as«well as 
the lengths of the curves themselves. Thirdly, an 
account of the actual intercourse which has taken 
place, for a given time, upon the turnpike road con- 
necting the proposed termini, stating the number of 
coaches licensed, and the average number of pas- 
sengers they carry ; also as near an account of the 
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50 per cent, more than the united populations of 
these two great towns. 

A short railroad has been constructed between 
Dublin and an adjacent village called Kingstown, 
about 5i[ miles in length. The number of passen- 
gers antecedent to the formation of this road, be- 
tween these two places, may be roughly estimated 
at. about 800 per day : the railroad has been in 
operation not quite two years, and during the 6rst 
year the number of passengers upon it amounted to 
a million and a quarter, being at the average rate of 
3300 per day. It will be observed that the rate of 
increase, as compared with the previous intercourse, 
has been nearly the same as on the Manchester 
railroad, being in the ratio of about 4 to 1. 

On a railroad constructed from Bolton to a point 
on the Liverpool and Manchester line, the increase 
is stated to be in the proportion of 7 to 1. 

A portion of the Newcastle and Carlisle rail- 
road has been completed, extending from Newcastle 
upon Tyne to the village of Hexham, a distance of 
about 17 miles. Before the construction of the 
railway the estimated number of passengers be- 
tween these places was 1700 a month : during the 
first ten months after the opening of the railway, 
the average number conveyed monthly was 7060, 
being an increase of more than 4 to 1. 

III. 

Passengers can be profitably transported by 
canal, at a speed not exceeding nine miles an 
hour, exclusive of delays at locks, at the rate 
of one penny per head per mile. The average 
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ifares charged upon the Manchester railway are 

at the rate of It^V^* IP^ ^^^'^ P^^ mile, the aver- 
age speed being tjurehty miles an hour. 

To transpor(,^[|^engers at the rate of ten miles 
an hour on a railway would cost less than the 
greater speed of twenty miles an hour, but not so 
much less as to enable a railroad to enter into 
competition on equal terms with a canal by equal- 
ising the speed. 

The canal between Kendal and Preston measures 
57 miles : passengers are transported upon it be- 
tween these places at the average speed of a mile in 
6 J minutes, or 9 J miles an hour nearly, exclusive of 
delays at locks. The fare charged is at the average 
rate of a penny a mile. There are eight locks, 
rising 9 feet each, and a tunnel 400 yards long, 
through which the boat is tracked by hand : the 
tunnel requires 5 minutes, and the locks from 25 to 
28 minutes, in descending, and 45 to 48 minutes in 
ascending. 

Similar boats are worked on the Forth and 
Clyde, and the Union canals in Scotland, and on the 
Paisley and Johnstone canal at nearly the same fares. 

IV. 

At the fare of I^jTo^' per head per mile, 
the profit on the Manchester railroad is 100 per 
cent, on the disbursements for passengers. 

A contract has lately been taken to supply lo- 
comotive power to the Birmingham and London 
Railroad Company, for the transport of passengers 
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at a speed not less than 22 .^ miles per hour, at one 
farthing per head per miU; and, for the transport of 
goods at whatever speed may be found necessary, 
at one halfpenny per ton per mile. 

V. 

Goods can be profitably transported by canal 
at a lower tonnage than by railroads;* the speed 
on the canal (for goods) being, however, but 
one fifth of the speed on the railroad. 

VI. 

Goods are transported on the Liverpool and 
Manchester railroad at three-pence three far- 
things per ton per mile, with a profit of about 
40 per cent, upon the disbursement, having 
the competition of a canal between its termini. 

VII. 

A long railroad can be worked with greater 
relative economy than a short one. 

VIII. 

Steam engines work with the greatest effi- 
ciency and economy, when the resistance they 
have to overcome is perfectly uniform and in- 
variable. 

IX. 

The variation of resistance on railroads de- 
pends, first, on acclivities; secondly, on curves. 
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By curves are meant the changes of direction of 
the road to the right or *to the left. The direction 
of a railroad cannot be changed suddenly by an 
angle, but must be effected gradually by a curve. 
Supposing the curve to be the arc of a circle, the 
radius of the curve is the distance of the centre 
of the circle from the curve. This radius is an 
important element in an estimate of the road. 

X, 

The more nearly a railroad approaches to 
an absolute level, and perfect straightness, the 
more profitably will it be worked. 

This maxim b a necessary consequence of VIII. 
and IX. 

XI. 

The total amount of mechanical power ne- 
cessary to transfer a given load from one ex- 
tremity of a railroad to another is a matter of 
easy and exact calculation, when the gradients 
and curves are known ; and the merits of differ- 
ent lines may be compared together in this 
respect : but it is not the only test of their effi- 
ciency which must be applied. 

xii. 

A railroad having gradients exceeding seven- 
teen feet in a mile will require more mechani- 
cal power to work it than it would were it level ; 
and the more of these excessive gradients there 



PI«AIW RULES FOR RAILWAY SPECULATORS. S75 

are upon it, and the more steep they are, the 
greater will be this disadvantage. 

Engineers are not agreed on the steepness of 
the inclined plane down which trains will begin to 
move by their gravity without tractive power : in- 
deedy the inclination of this plane will in some 
degree depend upon the state of the engines, wag- 
gons, and rails ; the better the condition of engines 
and waggons, and the more clean the rails, the less 
will be the inclination of the plane. My own 
experiments lead me to think that, all circum- 
stances considered, 17 feet in a mile is the fair 
medium inclination. It is right, however, to state, 
that most respectable engineering opinions are at 
variance with mine : Mr. George Stephenson, who 
must be admitted as a high authority, has assured 
me that he considers the average value of this angle 
to be determined by a tractive force of 10 lbs. a 
ton ; and Mr. Rastrick and some other engineers 
concur in this opinion. This would correspond to 
23 feet in a mile. Others consider the friction as 
equivalent to 9 lbs. per ton, which would correspond 
to 21 feet in a mile. 

XIII. 

Although a railroad having no gradients ex- 
ceeding seventeen feet in a mile does not re- 
quire more mechanical power than a level, yet 
the mechanical power which it requires will not 
be so advantageously expended, and, therefore, 
it will not be so economical. 
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It is probable that, as the powers of the locomo- 
tive engines are improved, steeper inclined planes 
may be worked without assistant engines, and, 
therefore, with less waste of locomotive power. It 
will always, however, be desirable to keep the in- 
clinations as gentle as possible; and, other things 
being the same, that line is preferable which has 
the lower gradients. 

XIV. 

A railroad which has gradients above thirty 
feet in a mile will require such gradients to be 
worked by assistant locomotive engines, which 
will be attended with a waste of power, and an 
increase of expenditure, more or less, according 
to the number and length of such gradients. 

XV. 
A very long inclined plane cannot be worked 
by an assistant locomotive without a wasteful 
expense. It is, therefore, desirable that gradi- 
ents exceeding seventeen feet per mile, be short. 

XVI. 

Gradients exceeding about fifty feet in a mile 
cannot be profitably worked except by stationary 
engines and ropes, an expedient attended with 
so many objections as to be scarcely compatible 
with a large intercourse of passengers. 

The limit of steepness which prevents an inclined 
plane from being worked by locomotive engines, 
will probably be extended, as the art of constructing 
these engines is improved. 
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XVII. 
Steep gradients descending from the ex- 
tremities of a line, are admissible, provided 
they be short. 

It is evident that in this case the inclined planes 
^11 help at starting to put the trains in motion, at 
the time when, in general, there would be the greatest 
strain upon the moving power ; and, in approaching 
the terminus, the momentum would be sufficient to 
carry the train to the top of the plane, if its length 
were not great, since H must, at all events, come to 
a stop at the extremity. 

XVIII. 

The eflFect of gradients in increasing the 
resistance during the ascent may be estimated 
•by considering that a gradient of seventeen feet 
in a mile doubles the resistance of the level, 
thirty-four feet in a mile triples it, and eight 
and a half feet in a mile adds one half its 
amount, and so on. 

• 

Thb maxim proceeds upon my estimate of fric- 
tion. If the estimate of other engineer be taken, 
the gradient, which is the modulus of the resistance, 
would be from 20 to 23 feet in a mile. 

XIX. 

' With the speed now attainable on railways, 
curves should be avoided with radii shorter than 
a mile. Expedients may diminish the resistance. 
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bat) through the negligence of engine drivers, 
they must always be atten^d with danger. 
Curves are not objectionable near the ex- 
tremities of a line. 

XX. 

The worst position for a curve is the foot of 
an inclined plane, because of the velocity which 
the trains acquire in the descent, and the oc- 
casional impracticability of checking them. 

XXI. 

In proportion as the speed of locomotives is 
increased by the improvements they are likely 
to receive, the objections and dangers incident 
to curves will be increased. 

XXII. 

The difficulty which attends the use of long 
tunnels arises from the destruction of the vitfid 
air which is produced by the combustion in the 
furnaces of the engines. Tunnels on a level 
should, therefore, be from twenty-five to thirty 
feet high, and should be ventilated by shafts 
or other contrivances. 

XXIII. 

The transition from light to darkness, the 
sensation of humidity, and the change in sum- 
mer from a warm atmosphere to a cold one^ 
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"wil] always form an objection to long tunnels 
on lines of railroad intended for a large inter- 
course of passengers. 

XXIV. 

All the objections to a tunnel are aggravated 
when it happens to be upon an acclivity. The 
destruction of vital air in ascending it will be 
increased in exactly the same proportion as the 
moving power is increased. Thus, if it ascend 
17 feet in a mile, the destruction of vital air 
will be twice as great as on a level ; if it ascend 
34 feet in a mile, it will be three times as great ; 
51 feet in a mile, four times as great, and so on. 

(See observation on maxim XII.) 

XXV. 

If by an over-ruling necessity a tunnel is con- 
structed upon an acclivity, its means of ventil- 
ation should be greater than on a level, in the 

same proportion as the resistance produced by 
the acclivity is greater than the resistance upon 
a level. 

XXVI. 

Tunnels should be ventilated by shafts at 
intervals of not more than 200 yards. 

XXVII. 

While a train is passing through a tunnel, no 
beneficial ventilation can be obtained from 
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shafts. The engine will leave behind it the im- 
pure air which it produces, and the passengers 
will be enveloped in it before it has time to as- 
cend the shafts. Sufficient magnitude, however, 
may be given to the tunnel to prevent any in- 
jurious consequences from this cause. A disa- 
greeable and inconvenient odour will be expe- 
rienced. 

XXVIII. 

Tunnels on a level, the length of which do 
not exceed a third of a mile, will probably not 
be objectionable. Tunnels of equal length 
upon acclivities would be more objectionable. 

I may observe generally that we have as yet little 
or no experience of the effect of tunnels on lines of 
railroad worked by locomotive engines, where there 
is a large intercourse of passengers. On the Lei- 
cester and Swannington railroad, there is a tunnel of 
about a mile long, on a part of the road which is 
nearly level ; it is ventilated by eight shafts, and 
I have frequently passed through it with a locomo* 
tive engine. Even when shut up in a close carriage 
the annoyance is very great, and such as would never 
be tolerated on a line of road having a large inter- 
course in passengers. This railroad is chiefly used 
to take coals from some collieries near Swannington, 
and there is no intercourse in passengers upon it, 
except of the labouring classes from the adjacent vil- 
lages : the engines burn coal, and not coke ; and 
they consequently produce smoke, which is more 
disagreeable than the gases which result from the 
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combustion of coke. This tunnel also is of small 
calibre. 

On the Leeds and Selby railroad there is a tun- 
nel, on a part which is nearly level, the length 
of which is 700 yards, width 22 feet, height 17 feet. 
It is ventilated by three shafts of about 10 feet 
diameter and 60 feet high. There is an intercourse 
of passengers amounting to four hundred per day 
upon this road, and, generally speaking, they do 
not object to go through the tunnel with a locomo- 
tive engine. The fuel used is coke. 
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to manufactures, 96. The double-acting engine, 97. In- 
vention of the parallel motion, 101. Introduction of the 
rotatory motion, 106. The fly-wheel, 110. The governor, 
111. The throttle valve. 111. The eccentric, 119. The 
D valve, 122. The four- way cock, 124. Methods for 
ascertaining the level of water in the boiler, 128. The en- 
gine made to feed its own boiler, 130. Waste of water pre 
vented, 131. The steam gauge, 133. Barometer gauge, 
134. The damper, 137. Methods proposed for preventing 
the waste" of fuel, 140. Mr. Brunton's furnace described, 
142. Mr. Oldham's modification of the self-regulating 
furnace, 1 45. Improvements by Homblo wer and Woolf, 148. 
Description of the improvements of Mr. Cartwright, 157. 
High*pressure engines, 162. Leupold's engine described, 
164. Construction of the first high-pressure engine^ by 
Messrs. Trevithick and Vivian, 165. First application of 
the steam engine to propel carriages on railroads, 168. 
How applied to navigation, 278. Marine engine ; its 
form and arrangement, 279. Mr. Howard's patent engine 
described, 291. Mr. Hall's engine described, 284. 

Steam gauge, the, 1 33. 

Steam navigation, incredulity which existed respecting, 178. 
The limit of its present powers, 312. 

Steam vessds, their average speed, 308. Their average con- 
sumption of fuel, 309. Proportion of their power to their 
tonnage, 311. Speed of post-office packets, 313. Iron 
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iteam ▼wmli, S15. Ameriam vessel called the << CSgar 

Boat,'* its great speed, SI 6. 
Stephenson's, Mr., description of an engine constructed by 

him, 184. Premium awarded to this engine by the Liyer- 

pool and Manchester Railway Directors, 191. His method 

of dividing the flues, 201. 
Stephenson and Lock, Messrs., appointed by the Directors of 

the Liverpool and Manchester Railroad to make reports on 

the merits of various railroads, 1SS« 
Sun and planet wheels, 107. 



Thermometer, description of, 10. 
Throttle valve, use of, 111. 
Traction, force of, on a railroad, 216. 
Tredgold, 69. 

Trevithick and Vivian, Messrs., construct the first high-pres- 
sure engine used in this country, 165. 

U 
United States, steam communication with, S21. 



Vacuum, production of, by experiment, 27. 

Vapour, elastic, force of, 24. 

Valves, Watt's method of working the, 1 16. 

W 

Walker and Rastrick, Messrs., apparent discrepancy of their 

estimated expense of locomotive power, 212. 
Washborough takes out a patent for Watt*s invention of the 

rotatory motion, 106. 
Water, sea, injurious to marine boilers, 281. How remedied 

by blowing out, 282. 
Watt, James, important discoveries of, 29. His acquaintance 
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with Dr. Robinson and first experiments on the steam engine, 
73.* His subsequent improvements, 75. His method of 
condensation, 76. His first introduction of the air pump 
into the steam engine, 77. Further improvements, 78. 
His difiiculties, 79. Description of his single-acting engine, 
81. His introduction to Dr. Roebuck, 91. Erects his 
first engine on the estate of the Duke of Hamilton, 91 . 
After further improvements, obtains a patent for this engine, 
in conjunction with Roebuck, 91. His difficulties owing to 
Dr. Roebuck's failure, and subsequent connection with 
Bolton, 92. Obtains an extension of his patent, 93. In- 
genious invention of, to determine the rate of remuneration he 
should receive, 93. His invention of the parallel motion, 
101. His method for producing a rotatory motion antici^ 
pated by Washborough, who takes out a patent for it, 106. 
His contrivance of the governor, 111. His method of 
working the valves, 116. His suggestion of the D va)ve» 
122. 

Wood, Mr. Nicholas, 188. 

Woolf, Mr., his improvement in the steam engine, 148. Ob- 
tains a patent for the double cylinder engine, 151. 



THE END. 
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